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PUBLISHER’S NOTE 


Volume IV is a literal translation from the twelfth German edition. 
As pointed out in the Publisher's Note of Volume III, with the out¬ 
break of World War II we were faced with the diflScult problem of 
deciding whether to discontinue publication of the translation and 
revision of the twelfth German edition with Volume II of this series 
or to complete the series with a literal translation from the German. 
The latter procedure was followed for Volume III and approved by 
the majority of the reviewers despite its shortcomings. We are, 
therefore, with the fourth volume completing the literal translation 
of the remaining parts of the German set. 

This volume treats of the ^Tdeterocyclic Compounds" (which 
constituted the third volume of the German original) and of ^Tree 
Radicals" (part of Volume II, Part 2, of the German original). 

With the publication of Volume IV, the entire twelfth German edi¬ 
tion becomes available in an English translation; the user will find 
in it a concise and comprehensive inventory of the most important 
organic chemical compounds. As before, an added feature of the 
present English edition is that, wherever possible, references are given 
to the ofiginal journals and not to Chemisches Zentralblatt, and that 
names of the authors have been added. 

We again wish to express our thanks to Dr. A. J. Mee and M, F. 
Darken for translating, editing, and checking this difiicult and com¬ 
plex text, and to Dr. G. Berend for the preparation of the exhaustive 
index. 

Elsevier Publishing Co., Inc. 

May, 1947 
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PART I 

THE HETEROCYCLIC COMPOUNDS 




THE HETEROCYCLIC COMPOUNDS 

BY F. Reindel 

INTRODUCTION 

Carbocyclic compounds, described in Volumes II and III of this 
work, are characterized by having only carbon atoms in their rings. 
This volume treats of those cyclic compounds whose ring structure is 
formed of atoms of carbon and of one or more other polyvalent ele¬ 
ments. These compounds are termed heterocyclic compounds (from 
erepos, other), and the atoms other than carbon which occur in their 
rings are called hetero atoms. The most important of the hetero atoms 
are nitrogen, oxygen, and sulfur. Among the less important hetero 
atoms^ are selenium, tellurium, phosphorous, and arsenic. In a few 
cases iodine (diphenyleneiodinium iodide) and metals join with car¬ 
bon to form rings. In this classification the salts of dicarboxylic acids 
with divalent metals are not considered heterocyclic compounds. 

Many heterocyclic compounds which can be obtained from and 
converted to aliphatic or alicyclic compounds by simple chemical 
processes, such as hydrolysis or depolymerization, have been de¬ 
scribed vfith the parent substances in earlier volumes. Among such 
compounds are the polymeric modifications of aldehydes^ such as tri- 
oxymethylene and paraldehyde, the cyclic ethers of glycols and thio- 
glycols^ such as ethylene oxide, diethylene oxide and diethylene disul¬ 
fide, the cyclic alkylenimines, such as tetramethylenimine (pyrroli¬ 
dine) and diethylenediimino (piperazine), the cyclic esters of hydroxy 
and amino acidsy such as lactides, lactones and lactams, and the 
cyclic derivatives of dibasic carboxylic acidSy such as anhydrides, imides, 
alkylene esters and alkylene amides. The description of such com¬ 
pounds logically belongs in the sections dealing with the parent sub¬ 
stances. 

The heterocyclic compounds included in this volume usually possess 
a stable ring structure which is not readily ruptured. Such a ring 
structure may be considered as a nucleus, whose derivatives are re¬ 
lated to the simple ring structure in the same way as aromatic com¬ 
pounds are related to benzene. The stable heterocyclic rings, like 
benzene, usually contain several olefinic linkages. 

The heterocyclic rings containing five and six members, like the 
analogous carbon rings, are the most stable and important. The 
stability of six-membered rings is illustrated by the tendency of 
polymerization processes to form them, as in the polymerization of 
formaldehyde (Vol. I, p. 233) to triox 3 methylene (Vol. I, p. 236), 
of acetaldehyde (Vol. I, p. 236) to paraldehyde (Vol. I, p. 237) and 
of cyai^o compounds to derivatives of a six-membered ring containing 
three carbon atoms and three nitrogen atoms (Vol. I, p. 520). Five- 
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membered rings also result from polymerization, as in the polymeri¬ 
zation of fulminic acid (Vol. I, p. 294), metafulminuric acid, and iso- 
cyanilic acid (Vol. I, p. 294). Three- and four-membered rings are 
usually formed with difficulty and are easily opened. The less familiar 
seven-membered rings are also unstable. It seems probable, how¬ 
ever, that rings larger than this are more stable; the lactone of 16- 
hydroxy-7-hexadecenoic acid (ambrettolide), which is found in musk 
seed oil, contains a ring of seventeen members {KerschbauTUf Ber. 60, 
903; see Vol. I, p. 454). 

Adaptation of Baeyer*s strain theory to heterocyclic rings is complicated by the 
different natures of the hetero atoms. However, certain generalizations concern¬ 
ing the Hilative value of these various atoms or groups in ring structure can be 
made. Thiophene, with a ring containing four C'H-groups and one S-atom, be¬ 
haves very much like benzene, while thiazole, with a ring containing three CH- 
groups, one N-atom and one S-atom, resembles pyridine, whose ring is composed 
of five CH-groups and one N-atom. Ther(*fore, one S-atom in the ring appears 
to l)e equivaJent to the group —CH=CH—: 



Benzene Thiophene 

b.p. 80.4° b.p. 84° 


CH 

CHURCH 

chIJch 

N 

pyridine 
b.p. 115° 



N 


Thiazole 
b.p. 117° 


The substitution of a CH-group by an N-atom in practically every type of 
ring structure lessens the stability very little. Pyridine has about the same 
stability as benzene. By successive replacement of the CH-groups in pyrrole by 
one, two, and three N-atoms, a series of compounds with similar stability of ring 
and regular variation of physical properties is obtained: 


CH==<HL 

J /NH 

ch==ch/ 

Pyrrole * 
liquid 



Pyrazole 
m.p. 70° 



1,2,4-Triazole 
m.p. 121° 



Tetrazole 
m.p. 166° 


Two systems of classification are possible for heterocyclic ring systems. When 
classified in homologous series, rings with the same number and kind of hetero 
atoms are arranged in the order of increasing number of carbon atoms in the ring. 


C-C 

\)/ 

CHr-CH, 

Ethylene oxide 
(Vol. I, p. 367) 


Homologous Series of Heterocyclic Compounds 

With one O-atom in the ring 



rnmethylene oxide 
(Vol. i, p. 368) 


C-C-C- 


CHa 


-CHa—CHa—CHa 
-0-' 


Tetramethylene oxide 
(Vol. I, p. 368) 


C-C-C-C-D 

CH 2 -CHa-CHa-~CHa--€Ha 

I-0-J 

Pen ta methylene oxide 
(Vol. I. D. 368) 


CHa-CHa-CHa-CO 

1-0-1 

Butyrolactone 
(Vol. I, p. 427) 


CH2-~CHr~€H!r-CH2*--CO 

I-0-' 


^•Valerolactone 
(Vol. I, p. 427) 


CO-CHr-CHa-CO CO-CHr~CHi-CHa-4DO 
I -0- 1 I -0- 1 


Suociilio anhydride 
(Vol. I, p. 551) 


Qlutario anhydride 
(Vol. I, p. 557) 
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c—c 

CH,-CH, 

Ethylenimine 
(Vol. I, p. 386) 


CO-CO 

\nh/ 

Oxalimide 
(Vol. I, p. 539) 


With one N~atom in the ring 


c—c—c 

\n/ 


c-c-c-c 


CHj-CHj—CHj 


Trirnethyleuirnine 
(Vol. I, p. 386) 


CHj—CHa—CHa-CHj 

L-NJJ-, 

Tetramethvleniiiiine, P^ rroli- 
dine (Vol. I, p. 386) 


CHa—CHj-CHa—CO 

I-nH-1 

Butyrolactam 
(Vol. I, p. 450) 


CO-CHj- 

'^NH- 


-CO 


Malonimide 


CO-CHr-CHa-CO 
I-NH-1 

Succinimide 
(Vol. I. p. 552) 


C—C— c — c—c 


CHa-CHa-CHjr-CHj-CH, 
I -nh-' 


Pentamethylenimine, Piperidine 
(Vol. 1, p. 386) 

CH,~CH2-CHa-CHa--€o 
I-NH--1 

j-Valerolactam 
(Vol. I, p. 451) 

CO—CHr-CHa-CHr~CO 
I-NH--1 


Glutarimide 
(Vol. I. p. 557) 


CH=CH—CH==CH 
I-NH-1 

Pyrrole 


CH-CH==CH—CH=CH 
!!==N-1 

Pyridine 


The second system of classification, the one used in this book, 
arranges the heterocyclic ring systems according to the number of 
atoms in the ring. This arrangement has the advantage that ring 
systems with analogous methods of formation and similar stability, 
or regularly varying stability, are described in sequence. It has the 
further advantage that. the relatively unimportant heterocyclic 
compounds containing three and four members in their rings are 
treated in separate sections from the more important ones containing 
five and more members. Each principal group is subdivided accord¬ 
ing to the number of hetero atoms in the ring. This system is known 
as classification in isologous series (Vol. I, p. 34). In the following 
tables its application to the five- and six-membered rings is shown. 


Isologous Series of Heterocyclic Ring Systems 


Five-memhered heterocyclic rings 


C—C—C—C 


Furans 

( 7 -lBctone 8 , succinio 
anhydrides) 

C-C-C-N 


iBOzasolea 


C—C—N-C 


Oxasoles 


c-c-c—c 

Thiophenes 


C—C"—C—N 

Isothiasoles 

(Isobeniothiaxoles) 

C-C-N-C 

Thiasoles 


C—C—C—C 

Selenophenes 


C-C-N-C 

Selenaxoles 


Q__CJ—.0—c 

\n-^ 

Pyrrolei 

( 7 -lactams, suocin- 
imidea) 


c-c-c- 

Pyrasolea 


N 


C-C-N-C 

Imidasoles 


C-C—N—N C^—N—N C^—N-N C^—N^ 

1,2.3-OxftdiAioles l,2,3>Tbiadiaiole8 1,2,3-Selenodiaiolea },2,3-Triaioles 
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N—C—C—N 


N—O—C—N N—C—C—N N—C—C—N 


l,2,6-Oxadiazole8 

(Furazans) 

l,2,4-Oxadiazole8 

(AzoximeH) 

C—N—N—C 


l,3,4>Oxadiazole8 


1,2,6-Thiadiazolefi l,2,5-Selenodiazole8 2,l»3-Triazole8 

(Piazthioles) (Piaselenoles) 


C-N—0--N 


1.2.4- Thiadia2olea 
(Azosulfimes) 

C—N—N—C 

1.3.4- Thiadiazol©8 


C—N—C—N 


1,2,4-Triazoles 

C—N—N—C 


4,l,2-Triazole8 


N—C—^N N^—^N 


Oxatriuzoles 
(see ». Pechmann, 
Ber. 30, 2874) 


Thiatriazoles 


C—N—N—N 


Six-memhered heterocyclic rings 

Rings containing more than one O- or S-atom are not included in this table. 
Ring systems enclosed in brackets have not yet been found. 


C^-^C—C^ 

Pyraas 

1.2- Oxazine8 
Orthoxaaines 

1.3- Oxazine8 
Metoxazines 

C^-^N-C^ 

1.4- Oxazine8 
Faroxaziuos 


C^-^C— 

1,4-Thiapyrans 

C-^C-^ 

1.2- ThiaiineB 

1.3- Thiazines 
Metathiasines 

1.4- Thiazines 
Parathiazines 


C—C— c—c—c 

Pyridines 

C-^C— 

PyridazinoB 

1.2- Diaxmes 

Cj-C^ 

Pyrimidines 

1.3- Diazine8 

(.) —C—N—C—C 

Pyrazines 

1.4- Diazines 


11,2,3-Oxadiaziuesl 

1,2,4-Oxadiazines 

l,2»5-Oxadiaziae8 

l,2«d^0xiidiAsine» ' 


[ 1,2,3-Thiadiazinea J 

[ 1,2,4-Thiadiasine8 ] 

[1,2,5-Thiadiazines ] 


C—C—C—N—N 

v-Triazines 

as-Thazines 


1,2,5- « 1,2,4- - aa 


1,2,6t m 1,2.8* • t 
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11,3,5''Oi;adiasin68 ] 

1,3,4*Oxadia zines 


li3,5*Thiadiazines 

C-^N-^^C 

1,3,4'ThiadiaBineB 


C—N—C—N—C 


a-Triazines 


1,3,4- - 1,2,4- - 05 


11.2.3.4- Oxatriazine6 ] 

U,2,3,5-Oxatriazine8] 

Ll,2,3,6-Oxatriazinea] 

11.2.4.5- Oxatriazines] 

[1,2,4,6-Oxatriazines ] 


C—C—N—N—N 

[ 1,2,3,4-Thiatriazines ] 

c— 

[1,2,3,5-Thiairiazirie8 ] 

N— 

[ 1,2,3,6-Thiatriazines ] 

[1,2,4,5-Thiatriazines ] 

[1,2,4,6-Thiatriaziiie8j 


C—C—N—N—N 


r-Tetrazines 

C-_^ 

1,2,3,5-Tetra2ineB 


1,2,3,6- « 1,2,3,4- - V 

s-Tetrazinee 


1,2,4,6- - 1,2,3,5- 


Among the heterocyclic ring systems there are dicyclic and poly¬ 
cyclic condensed nuclei which bear the same relation to the simple 
heterocyclic rings as indene, naphthalene, anthracene, and the like 
do to benzene. Only the heterocyclic rings containing two neighbor¬ 
ing carbon atoms which can also participate in an aromatic ring 
can form such condensed nuclei. These condensed ring systems com¬ 
bine the properties of carbocyclic and heterocyclic rings. In the 
absence of a special name, such as indole or quinoline, they are desig¬ 
nated by preceding the name of the heterocyclic ring by benzo- or 
phen-, dibenzo- or diphen-, naphtho-, or the like. 

A condensed ring system containing both a heterocyclic and an aromatic ring is 
almost always fonned so that two neighboring carbon atoms are members of both 
rings. However, compounds in which a heterocyclic ring is joined to a benzene 
ring in the 1,3-position are known {SchoUz, Ber. 35 , 30M; Autenrieih, Beutiel, 
Ber. 42 , 4357; v. Braun, Neumann, Ber. 52 , 2015; Reindel, Schuberth, Ber. 57 , 
369). The rings of bicyclic nuclei formed of two heterocyclic rings share either 
two neighboring carbon atoms or a carbon atom and an adjoining nitrogen atom. 
The latter structure is illustrated by a whole series of alkaloids. 

Many heterocyclic compounds occur in technical and natural 
products. The numerous and important plant alkaloids are deriva¬ 
tives of pyridine and the hydropyridines. Pyridine, pyrrole, ihio^ 
phene, thianaphthene, and henzofuran (coumarone) occur in coal tar, 
and 2-furaldehyde (furfural) and other furan derivatives are found in 
wood tar. The cleavage of proteins yields many simple and con¬ 
densed heterocyclic ring systems (proline, hydroxyproline, t/ypto- 
phan, histidine). Indoles are formed in the putrefaction of albumin. 
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The physiologically important coloring matters (blood pigments, 
bile pigments, porphyrins, chlorophyll), which belong to the pyrrole 
family, illustrate the great significance of heterocyclic comix)unds in 
nature. The technical importance of heterocyclic compounds is ex¬ 
emplified by indigo, a derivative of indole; it was obtained from the 
plant a long time ago, and its synthetic production on a large scale is 
the result of many advances in chemistry and technology. Many 
synthetic heterocyclic compounds are prepared technically because of 
their coloring or pharmaceutical properties. Among these are thio-- 
indigo red and similar dyes, dyestuffs of the lf4-oxazine^ l,A-thiazine 
and 1 f4:-diazine series^ such as resorufine, methylene hlue^ toluylene red, 
safranine and indanthrene, dyestuffs containing the thiazole grouping, 
the important febrifuges of the pyrazole family (antipyrine and 
pyramidone, and combinations of these with other pharmacologically 
active compounds), piperazine (hexahydropyrazine), the quinoline 
derivatives plasmochin and cinchophen (atophan), and acridine com¬ 
pounds such as acriflavine (trypafiavine) and quinacrine. 

Nomenclature and Numbering of Heterocyclic 
Ring Systems 

The chemical nomenclature in this translation of Volume III of 
the twelfth edition of Richter-Amchiitz ^^Chemie der Kohlenstoff- 
verbindungen’’ follows the usage of ‘^Chemical Abstracts.The 
rules for naming and numbering heterocyclic compounds are given 
in the introduction and appendix of the ‘^Ring Index.These 
rules will be stated briefly here: 

For many of the ring systems, the generally accepted trivial 
names, such as furan, pyrrole, and quinoline, are preferred. 

For systems with no generally accepted trivial name, a compre¬ 
hensive system of nomenclature has been devised. These syste¬ 
matic names are intended to give a complete description of the com¬ 
pounds in terms of a limited number of fundamental ring systems, 
aided by prefixes and position numbers. The authors of the system 
do not recommend that these names be used exclusively; some 
heterocyclic compounds are more conveniently considered as acid 
anhydrides, lactones, or the like. 

SIMPLE HETEROCYCLIC RINGS. Nomenclature: The syste¬ 
matic names of the simple heterocyclic rings arc formed from one 
component denoting the number and kind of hetero atoms, and 
another indicating the size of the ring. The former consists of a 
prefix, such as aza-, oxa-, thia-, diaza-, oxadiaza-, or the like. If 
more than one kind of hetero atom is present in the ring, the pre¬ 
fixes are combined in the order: O, S, Se, N, P, As. 

The size of the ring is expressed by the name ending, such as -ole 
for five-membered rings, -ine for six-membered rings and -epine for 
seven-membered rings. For non-nitrogenous rings, the final ^^e^* is 
dropped from all the endings except -ole. 

If the construction of names by this system brings two vowels to- 

• Patlerson and Capell, The Ring Index. Reinhold, New York, 1940. 
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gether, the final vowel of the prefix is dropped, as in azine and oxa- 
zole. Its retention in other cases, such as oxadiazole, often marks 
a departure from the earlier nomenclature. 

The positions of the hetero atoms and of any extra'^ hydrogen 
atoms (that is, of any group like CH 2 or NH that may be present) 
are indicated by numbers prefixed to the name. If the extra" 
hydrogen atom is on a carbon atom, its position is given after those 
of the hetero atoms. For example: 


1,2,4-Oxazine: 


[6} 

lei 






\ 

N I2| 

I:h (31 


1<1 


If the ‘‘extra" hydrogen atom is on a hetero atom, the position of 
that hetero atom takes precedence over that of any similar hetero 
atom. For example: 


l,4,2-Oxa(liazine: 


in 

/«\ 

[6] CI-T N [21 

II 

in CH CH 13] 

[4] 


Numbering: The numbering of a ring containing one hetero atom 
begins on the hetero atom. In rings containing more than one 
hetero atom, position 1 is assigned according to the order: 0, S, 
Se, N, P, As. The numbering is continued around the ring in the 
direction that gives the remaining hetero atoms the lowest possible 
numbers. The term ‘‘lowest possible numbers" is taken to mean 
those that include the lowest individual number or numbers, 

FUSED HETEROCYCLIC SYSTEMS. Nomenclature: The 
systematic names of most heterocyclic polynuclear ring systems are 
obtained by combining the names of simpler systems which may be 
thought of as “fused" together to form the system to be named. 

One component is chosen as the “parent" form; to its name are 
attached prefixes denoting the other components. A heterocyclic 
component is always preferred as parent form before a carbocyclic 
component, and a nitrogenous component before other heterocyclic 
components. The largest component with a simple name which 
conforms to these rules is used for the fundamental part of the name. 
Thus, “ benzoquinoline" is preferred to “quinolinobenzene" and to 
‘ ‘ naphthopy ridine.'' 

The bonds shared by the components of fused systems are indi¬ 
cated by numbers in brackets between the prefix and the funda¬ 
mental part of the name, and, in more complicated cases, also be¬ 
tween prefixes. For this purpose each component is assigned the 
numbering it would have as a separate system; in order to minimize 
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the use of prirnes, the sides of the parent compound are lettered 
a, by Cy etc., in order, beginning with the side 1,2. For example: 




Pyncl()[2,3-iyjquiu()liiH? Pyrido[3,2-g]qumoline 

f 

The reversal of the numbers 2,3 to 3,2 in these names is the means of 
expressing that the numbers of the fused ring travel with those of 
the fundamental ring in the first compound, and against them in the 
second. Wherever possible, unnecessary numbers or letters are 
omitted; thus, benzo[ 1,2-^]quinoline may be shortened to benzo- 
[g] quinoline. 

Numbering: Liiu'ar polynuclear ring systems containing one or 
more heterocyclic rings are numbered beginning with that outside 
ring and in that direction which will give the hetero atoms the low¬ 
est possible numbers, in the same order of preference as in mono¬ 
nuclear systems. For example: 


H: 



2,3,1-Bcuzoxazine 


8 10 2 


Piieiiazino 


Angular polynuclear ring systems are numbered clockwise from 
the first free angle of the upper right ring of the formula when it is 
oriented so that the greatest possible number of rings are in a hori¬ 
zontal row and as many as possible of the remaining rings are above 
and to the right of the horizontal row: 



Benzo [c jplienanthridine 



Indolo [2,3-c Jquinazo [3,2-a jpyridine 
(Parent of rutaecarpine) 


Interior carbon atoms (common to two or more rings) are desig¬ 
nated by adding a (or 6, c, etc., in case of a succession of them) to 
the number of the position just preceding in the clockwise order. 
If there is a choice of such positions, the highest number is used. 
For example: 
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OCH, 

H.CO,^, 




r ciL 

H, I 
CH, 

6-Mcthyl-5,6,6a,7-tetrahydro-l,2,9,lO-tetramethoxy-4-dibenzo [de, g ]quitioline 

(Glaucine) 


The Ring Index makes a few exceptions from tlie rul(\s of standard 
numbering in favor of widely accepted numberings of important 
parent systems, namely acridine, anthracene, carbazolc, cyclopenta- 
[a] phenanthrene, phenanthrene, purine, and xanthene, and certain 
numberings which depend directly on these, siu^h as isocarbazole 
and isoxanthene. 



A. THREE-MEMBERED HETEROCYCLIC 
COMPOUNDS 


The hetoroc 3 "clic compounds with three-membered rings are 
generally less stable than the corresponding carbocyclic compounds, 
and relatively unim])ortant. The ease with which the rings in such 
compounds open for the addition of atoms or atomic groups is an 
indication of ring strain. They are formed only under the most 
favorable conditions. Several compounds which at first were reported 
to contain three-membered rings were found on further investigation 
to bo aliphatic compounds or to have double the molecular weight 
and twice as large a ring. 


L THREE-MEMBERED RINGS WITH ONE 
HETERO ATOM 


1. WITH ONE OXYGEN ATOM IN THE RING 


Ethylene oxide, 1 >0. 

n/y 


The preparation and properties of this eompound 


are described in the section on ethylene glycol in Vol. I. Tin; tendency of this 
ring to open is so great that ethylene oxide reacts with solutions of metal chlorides 
to form ethylene chlorohydrin, precipitating the metal as th(‘ hydroxide. Sub¬ 
stituted ethylene oxides, such as tetramcthylethylene oxide (Vol. I, p. 368), the 
glycidol compounds (Vol. I, p. 587), and condensed nuclei containing the ethylene 
oxide ring (such as tetrahydronaphthalene oxide and dioxoletrahydronaphthalene 
oxide) behave in the same way. 


2. WITH ONE SULFUR ATOM IN THE RING 


Ethylene sulfide is not known, although its polymers, (C 2 H 4 S)x and (C 2 - 
1 ^ 48)2 (Vol. I, p. 374), have Ikhui prepared. For addition products of sulfur to 
ethylene and acetylene derivatives, see Michael, Ber. 28, 1635, and Baumann, 
Fromm, Ber. 30, 110 . 

3. WITH ONE NITROGEN ATOM IN THE RING 


H2C. 

Ethylenimine, J ^NH, formerly known as vinylamine (Vol. I, p. 199), 

is prepared by removal of HBr from ^-bromoethylamine. Oxalimide, obtained 
from oxamic acid with phosphorus chloride, has been assigned the formula 

COv 

I yNH, although the evidence for it is not conclusive (see de Mouilpied, 
Rule, J. 91, 176). 
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II. THREE-MEMBERED RINGS WITH TWO 
HETERO ATOMS 

For some time this type of ring was thought to exist in the so-called nitrile 
oxides (I), hydrazi compounds (II), and aliphatic diazo compounds (III): 



I. Nitrile oxides, II. Hydrazi compound, III. Aliphatic diazo 

oxHzirines diuziridine compound 

Subsequent investigations, especially those of Angeli and Staudinger (Ber. 44 , 
2197, 2203; Helv. 4 , 228), made it evident that all these compounds are very 
probably aliphatic derivatives, with these formulas: 

IV. RC:N:0 V. CH2:NNH2 VI. CliaiNfN 

Hydrazi compounds and aliphatic diazo compounds are descril>ed in Vol. I, pp. 
252-253, and benzonitrile oxide is descril>t^d in Vol. Ill, p. 315. 


B. FOUR-MEMBERED HETEROCYCLIC 
COMPOUNDS 

Heterocyclic compounds with four members in their rings are of little importance 
and will be treated briefly. 


I. FOUR-MEMBERED RINGS WITH ONE HETERO 

ATOM 

/CH,. 

The homologue of ethylene oxide is trimethylene oxide, oxetane, CH 2 <^ >0 

^CH*/ 

(Vol. I, p. 368), of which little is known. The inner anhydrides of /3-hydroxy- 

:C—CO 

carboxylic acids, or /3-lactones, of the formula ^ (Vol. I, pp. 422, 615, 
and Vol. Ill, p. 418) also belong in this group. 

/CH2V 

Trimethylenimine, azetidine, CH 2 <r yNH (Vol. I, p. 386), is prepared, 

^CH2^ 

together with 3-methylpyridine, by heating trimethylenediamine; see Kohn, 
Morgenstern, Mo. 28, 479. 


II. FOUR-MEMBERED RINGS WITH TWO HETERO 

ATOMS 


i. Of the heterocyclic compounds whose four-membered rings contain two 
hetero atoms adjacent to one another, the most important are the cyclic am¬ 
monium salts, or betaines (Vol. I, pp. 380, 442). All carboxylic acids with a 
group similar to ammonium hydroxide in the a-position form betaines. Betaine, 
(CH,),N—CH 2 

II , is prepared from trimethylglycine chloride, C1N(CH8)8'- 

o—co 


(C5H5)N--CH2 

, from l-carboxymethylpyri- 


CHj-COOH, pyridinium betaine, 
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flinium chloride, ClN(C 6 Hj)CH 2 COOH, triphenylphosphonium betaine, 

(CelTfc)3P--CH2 

I I , from carboxymethyltriphenylphosphoiiium chloride, ClPCCe- 
O—CX) 

H6)3C'H2C00H, (Michaelis, Gimhorn, Her. 27, 273), and methylethylthetin, 

I I , from the reaction product of methyl ethyl sulfide with 
O-CX) . . 

bromoacetic acid, PrS(C^H 3 )((:; 2 H 6 )CH 2 COOH, (Vol. I, p. 430). 

Four-memb(Ted rings with two adjacent nitrogen atoms occur in dimethyl- 
N-=--C(CPr3) 

aziethane, | I , (Vol. I, p. 408), which is prepared from equimolecular 
N-=C(CH3) 

quantities of hydrazine hydrate and biacetyl, and probably also in hydrazulmine 
and azulmic acid (Vol. 1, p. 541), formed from ammonia and cyanogen. 

2. Rings with alternatci carbon and hetero atoms occur in the cyclic alkylidene-, 
carbonyl-, and thiocarbonylurcias, thioureas and pseudothioureas. Methylene- 
.NIR 

urea, 2-uretidone, CO<( X^^2» (Vol. I, p. 497), and methylene thiourea, 

.NH\ 

2-thiouretidone, >CH 2 , are formed from urea and thiourea with chloro- 

methanol {Hetnmelmayr, Mo. 12, 90). Ethyleneurea, 2-imidazolidone, and 
ethylenethiourea, 2-thioimidazolidone, are prepared in the same way with acet¬ 
aldehyde; the 2-anil of 3-phenyl-1,3-thiazetidine, methylenediphenylpseudo- 

thiourea, CeH6N: c/' 

\N(C«Hfi: 

and the 4-oxo derivative, carbonylthiocarbanilide, CW6N:C<f yCO, 

m.p. 87°, from diphenyl thiourea and COCI 2 , and also by desulfurization of the 4- 

thio analogue, thiocarbonylthiocarbanilide, CftH^NtCX >CS, m.p. 79°, 

\N(C6Ha)/ 

produced by the action of CSCI 2 on diphcnylthiourea (Freund, Wolf, Ber. 25, 
1459). 


^CPl2, is prepared from diphcnylthiourea and CII 2 I 2 
^ S—^ 


C. FIVE-MEMBERED HETEROCYCLIC 
COMPOUNDS 

I. FIVE-MEMBERED RINGS WITH ONE HETERO 

ATOM 

FURAN, THIOPHENE (SELENOPHENE), PYRROLE 

Compounds of the furan, thio{)hcne, and pyrrole groups, which are 
closely, related to one another in methods of formation and chemical 
behavior, have a basic ring structure consisting of a chain of four CH- 
groups closed to a ring by O, S, or NH: 



Furan Thiophene Pyrrole 
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The parent compounds and their numerous derivatives, especially 
the thiophenes, show a great similarity to benzene and its derivatives. 
Many reactions are common to the two types of compounds. 

Blue-violet and violet-red dyes are formed by the action of isatin 
and phenanthraquinone with sulfuric acid on furan, pyrrole, and 
thiophene compounds. 

The formation of furan, thiophene, and pyrrole derivatives from 
7 -diketones is mentioned in connection with the latter in the first 
volume (V(5l. I, p. 404). y-Diketones yield furans by elimination of 
water, S;iiophenes by reaction with phosphorus pentasulfide, and 
pyrroles by reaction with ammonia or primary amines: 


CH^OCH, pCH==C(OH)CHa 

iHr-COCH, * LcH==C(OH)CH,, 

Acetonylacetone 


-mo CH=C.;--CH, 

-^ I >0 

-CHa 

Dimethylfuran 

P.8. ^ OH=C,-^H. 

* CH==C^^--CH, 

Dimethylthiophene 

NH. CH=C^--CH, 

-> I >NH 

-CH, 

Dimethylpyrrole 


In these reactions the 7 -dikctones behave as y-dialkenyl glycols; furans, thio¬ 
phenes, and pyrroles may be considered as the cyclic anhydrides, sulfides and 
imines of suen glycols. Furans, tl^^henes, and pyrroles are also obtained by 
distillation of mucic and isosacchanc acids, alone or with barium sulfide, or by 
distillation*of the ammonium salts of these acids. 

The syntheses described above are in accord with the accepted structural 
formulas for these compounds. Their peculiar aromatic character is explainable 
by the assumption, based on an adaptation of Thiele's theory of the structure of 
the benzene nucleus, ‘'that in these five-membered rings the sulfur, nitrogen, or 
oxygen atom can partake to some extent in a double bond by the activity of its 
next higher valency" {Ciamiciarif Ber. 37, 4254; Gazz. 35, II, 384). This con¬ 
cept is also implied in the formulas which Steinkopf proposes for the ring systems 
(Steinkopf, Otto, Ann. 424 61; Steinkopf, Ann. 430, 78): 



Furan 



Thiophene 



Bensene (Thiele) 


To distinguish among the possible isomeric derivatives of furan, thiophene and 
pyrrole, positions in the ring are designated by numbers, which replace the 
symbols used in the older literature: 


13] 

CH= 


[ 2 ] 

=CH. 


CH==CH 

[4] [5] 


)>0 [ 1 ] 


or 



Positions 2 and 6 are equivalent, and also positions 3 and 4. The former are the 
a-positions, and the latter, the iS-positions. There are two possible monosub- 
stituted isoipers: 2(5)- and 3(4)-. In the disubstituted derivatives, four isomers 
are possible: 2,6(a,a')-» 2,3(a,/3)-, 2,4(a,/8'>-, and 3,4(j8,/3')-. 
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1. FURAN GROUP 

This ring system was termed furan (formerly furfuran) because 
one of its important derivatives is obtained from bran (Latin furjur) 
by heating with hydrochloric acid. 

Furan, C4H4O, b.p. 32°, was first prepared by distillation of 
barium pyromucate (p. 20) {Limpricht, 1870). It is present in the 
distillation products of pine wood. It is a liquid, insoluble in water, 
and has an odor like chloroform. Furan is reduced by passing its 
vapor mixed with hydrogen over finely divided nickel at 170°; the 
pi*oduct is tetrahydrofuran [Bourguignoriy Bull.soc.chim.Belgique 22 
(1908), 87]. With isatin and phenanthraquinone it forms dyes. It 
reacts violently with hydrochloric acid and forms a black polymeriza¬ 
tion product. A pine shaving moistened with hydrochloric acid is 
colored green by furan vapor. Hydrochloric acid in methyl alcohol 
converts furan to the tetramethyl acetal of succinaldehyde [HarrieSy 
Chem.-Ztg. 24 (1900), 857 ]. Furan reacts with an aqueous solution of 
mercury acetate to form the tetraacetate of tetrahydroxymercuri- 
furan, C 40 (HgC 2 H 302 ) 4 , dec. 228° (Cuisa, Grilloy Gazz. 57, 323). 
Its behavior in this reaction is analogous to that of thiophene and 
pyrrole. Spectra of the furans: v. AuwerSy Ann. 422, 133. 

2>Methylftu'an, b.p. 42®, is identical with sylvan^ which is found in pine tar, 
with other furan derivatives, and in the creosote from beechwood tar. When the 
ring is opened with hydrochloric acid, levulinaldehyde, CHaCOCHsCHaCHO, is 
formed {Harriesy Ber. 31, 37). 2,6-Dimethylfuran, b.p. 94®, is prepared by 
decarboxylation of 2,5-dimethylfuran-3,4-(licarboxylic acid (p. 21) by distilla¬ 
tion, and by the ring closure of acetonylacetone with dehydrating agents (p. 15). 
Hydrochloric acid at 170® reconverts it to acetonylacetone. 

5-Phcnyl-2-methylfuran, m.p. 42®, b.p. 236-240®, is prepared from aceto- 
phenoneacetone (Paal, Ber. 17, 915, 2759). Sodium and alcohol reduce it to a 
tetrahydro compound. 2,5-Diphenylfuran, m.p. 91®, from diphenacyl (Perkin, 
Schldsser, J. 57, 944; Engler, Dengler, Ber. 26, 1447). 2,3,5-Triphenylfuran, 
m.p. 93®, from desylacetophenone (Japp, Klingemann, Ber. 21, 2933; Smith, 
Ber. 26, 61). Tetraphenylfuran, lepidene, m.p. 175®, is formed, together with 
benzil, when benzoin is heated with hydrochloric acid at 130® (Japp, Klingemann, 
Ber. 22, 2880). 

8 -Difurylethylene, ChHaO CHiCH CJLO, m.p. 101®, analogous to stilbene, 
is prepared by heating polymeric thiofurfural (Baumann, Fromm, Ber. 24,3591). 

Furfuryl alcohol, 2-furanmethanol, C4H,0(('H2 0H), colorless oil, b.p. 171®, 
b.p, 69® (10 mm.), very soluble in water, resinifies quickly in aqueous and in acid 
solution. A pine shaving moistened with hydrochloric acid is colored blue-green. 
It is prepared by the reduction of 2-furaldehyde with sodium amalgam and acetic 
acid, or catalytically with platinum oxide (Kaufmann, Adams, Am. 45, 3029) or 
biologically with yeast (Lininer, Z.physiol.Chem. 72, 450; 88, 109). Both 

furfuryl alcohol and 2-furoic acid are produced by the action of sodium hydroxide 
on 2-furaldehyde: 

2C4H,0 CH0 + H 2 O = CilW-ClUOll) 4* GJLO COOH. 

Furfuryl alcohol is present in considerable quantities in oil from roasted coffee. 
Diphenylcarbamic acid ester, C4H80[CH20C0N(CeH6)2l, m.p. 98® (Erdmann, 
Ber. 35, 184ff, 1855). Methyl ether, (C4H,0) CHz O CH*, b.p. 134-134® 
(v. Wissell, Tollens, Ann. 272, ^1). Furfuryl alcohol is opened by hydrochloric 
acid in methyl alcohol to the dimethyl acetal of 6-methoxylevulinaldehyde, which 
is converted to levulinic acid by boiling with aqueous hydrochloric acid (Pum- 
merer, Oump, Ber. 56,999; Vol. I, p. 477). 

tiK-Propyuurfuryl al^hol, (C 4 HtO}CH(OH) CiHy, b.p. 93® (12 mm.), is pre- 
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pared from 2-furaldehyde and propylmagnesium bromide {Jolkver^ Rec. 28, 489); 
2 -furoic acid (p. 20) and dehydromucic acid (p. 20) react with alkylmagnesium 
halides to form tertiary 2-fnranmethanols, ( 04 H 30 )C( 0 H)R 2 , and 2,5-1 urandi- 
methanols, (CJT 2 O)[C(OH)H 2]2 {Hale, McNally, Pater, Am.Chem.J. 35, 68). 


Halogen-, Nitro- and Aminofurans 

Bromofuran can be obt.ain<Hj from brominated 2-furoic acid, and also directly 
by bromination of fiiran; with (^xc(*ss bromine it forms addition products. Di- 
iodoftiran, m.p. 47°, from potassium dehydro-2-furoat(j with iodine at 100° 
{Hill, Am.Chem.J. 25, (1901), 439). Tetraiodofuran, m.p. 165° {Ciiisa, Grillo, 
Oazz. 57, 323). 

3(?)-Nitrofuran, m.p. 28°, volatile with steam, is pr(^f)ared by the nitration of 
furan with fuming nitric.acid in ace.tic anhydrides; an aldehyde (nitrosuccinalde- 
hyde ?) is formed as an intermediate pro<iuct {Marquis, Cbr. 134, 776), A di- 
nitrofuran, m.p. 101°, results from nitration of nitrofuran or nil?’o-2-furoic acid. 

2-Aminofuran is obtained in the form ofils undhans (^H 30 [ 2 iNH CXIGR by 
boiling furoic acid azide (p. 20) with alcohols; 3-aminofuran is obtained in the 
form of its acetyl derivatives, m.p. 112°, by d(‘carboxyhi,tioJi of a(retamino-2- 
furoic acid. The fnu^ ainines cannot be prepared from tliese derivatives because 
NIT3 is split off during sai)oniti<;ation {Lehuhach, J.])r. 65, 38; Marquis, C.r. 
136, 1454). 

2-Furanmethylamine, (CJT 30 )CH 2 NTf 2 , b.p. 146°, is prepared by reduction of 
furonitrile (p. 20) and of t he phenylliydrazom^ of 2-furaid(4iyde. 2-Furanethyl- 
amiiie, b.p. 159°, from /3-2-furanpropionic acid by the Curtins reaction {}VjHdau^, 
Dalrner, Ber. 53, 2304). 


Aldehydes 

FURFURAL, 2-furaldehyde, C 4 H 30 CH(), m.p. —38.7° 
mans, BulLsoc.ohim.Belgique 31, 389), b.p. 1(52°, l.H)3, is pre¬ 

pared by distillation of bran {furfur) {Fownes, 1849), sugars, espe¬ 
cially tlie pentoses {Dohereiner, 1831), or wood with dilute sulfuric 
acid. It can be detected even in minute amount by the red colora¬ 
tion given with aniline or xylidine {Schiff, Ber. 20, 541; see also 
p. 19). 

l^'iirfural is produc(Hi (|uauth;a.tiv(4y by tlu^ dist,illation of pentoses, sucli a.s 
arabinose, wdth hydioc.liloric, acid, its coiulcuisation product with |)hIoroglucim)l 
is us(^d for th(; quant itative o.slimation of the aldeliydo. This is the basis ff)r various 
analyl-ical methods for the estimation of pento.ses aiul pentosans [Vol. I, p. 672; 
Stemherger, Pharm.Wcu^kblad 55, 782; Gin'iseh, C'elIulos(‘cliemie 6 (1925), 01]. 
Glucuronic acid and gaiacturonic acid (Dore, Am. 48, 232) <l('comi)ose wluai 
h(Uit(Hi vdth hydrochloric acid into furfural, water, and carbon dioxide {Maun, 
\Tollens, Ann. 290, 155). 

I Furfural is a cglgrless linuid with an nrnTYiftiir- ndgr wl^fh nn ex- 

Iposii re to air. It i s modera tf^ly .sqluhit^ in_wat( ^r and very soluble in alcohol. It 
has thh"properth^^ of an aromatic aldehyde: it combines wjtn Disulhios, it is 
red uced by_iffi(T qpn amalj^n to furfuryl alpohnl- it is pxid ized bv silver oxide to 
2-fufoIc^S;id/lttr7T011Vened by potassium hydroxide to the alcoliol anathe a^id* 
and it reacts with alcoholic^CJN soiuiijQn to form furoin (page 18) and with 
ammonia te-form hydrofuramidi) (N,N'-di-2-furfurylidone-2-furfurylidenodi- 
amine), whic h corre^^ip mids to hydrobenzamide of the benzene series. Hydrogen 
peroxide or D ermpnot^ ^nl ,4 oxidizes it to bv^rnYvfnrfnml (^HaOfOH)- 
(CHO), whicli gives charact,eristic color reactions with phenols {Cross, Bevan, 
Briggs, Ber. 33, 3132). Furfural is eliminated from animal organisms as N-2- 
furoylglycine, pyromycuric acid, CJisO-CO-NH •CH 2 *COOH, m.p. 165°; in 
this also it is analogous to benzaldehyde. 

Furfuraldoxime, m.p. («) 75°, {0) 91° {Brady, Goldstein, J. 1027, 1959). 
Phenylhydrazone, m.p. 96°. Acetal, G 4 ll 30 *CH(OG 2 H 6 ) 2 , b.p. 187-190° {Claisen 
Ber. 29, 1008). 
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Furfural manifcists all the condenmtion reaction!^ of benzaldehyde. (1) With 
dimethylaniline it fomis a green dyestulT, correspfwidiiig lo malachite green (Vol. 
Ill, p. 532) {Fucker t Ann. 206, 141; Fischer, Grahl, J.pr. 100, 159). (2) It 

condciiyes with aliphatic aldehydes (compare Liudauer, Mo. 21, 72) and ketones; 
the products are furaldehydes and ketomis unsaturated in (he side-chain. The 
reaction takes plac(‘ readily in wa.rm dilute sodium hydroxid(* solution {Schmidt, 
Her. 13, 2342). With acet,aldehyde i(9-2-furanacrolein, C’4H30 (.'H :CH-OITO, 
m.p. 51'', is o])taiucd, with acetone, furfurylideneaeetonfe, p4H30-CH:CH (X)-- 
(Tla, and with acidophcaione, furfurylidenemoao- and diacetophenone and di- 
fnrfxirylidenetriacetophenone {Kostanccki, Fodrafansky, Her. 29, 2248). (of) 
As benzoin (Vol. Ill, p. 5f)4) is formed from benzaldt'hyde, so furfural is converted 
by potassium cyanide to furoin: 


2C4IT/) • CHO - ( :4HhO • C dl(OTI) • CO • CJW 

m.p. 135®. In alkaline solution furoin is oxidizcal by the oxygen of the air to 
furil, di~2~f}irylgly()xal, {CiH30)C0'C0{C4}isi0), m.p. 154° (a-dioxime, m.p. 
168°, with dec.). Like its prototype benzil (Vol. Ill, p. 565), furil is reduced by 
tin and h.ydrochloric acid to desoxyfuroin, (C4H30)CH2 COfCJIpO). Warm 
potassium hydroxide converts furil to furilic acid, di~2~JuryLglycolic acid, (C4H30)2“ 
C(OH) -(XX)}!, analogous to benzilic acid (Vol. Ill, p. 556). 

(4) Furfural condenses with the anhydrides and sodium salts of fatty acids 
on heating (c/. (he Perkin reaction, Vol. Ill, p. 268) to give acids of furan with 
unsaturated side-chains. Furfural with acetic anhydricle and sodium acetate 
forms /3-2-furanacrylic acid: 

CJRO-CHO + CILCOONa = CJLO-CII.CIICOONa + ILO 

/3-2-Furanacrylic acid, (hHeOs, m.p. 141°, is also obtained from 2-}urfurylidcne- 
malonic acid, the condensation product of furfural and malonic ester [Duti, 
Quart.J.IndianC’hem.Soc. 1, (1925), 297]. Like cinnamic acid, i3-2-furanacrylic 
acid exists in two stereoisomer ic modificatiom {Liebermann, Ber. 28, 129). On 
heating in liydrochloric acid it is opened to acetonediacetic acid (Vol. I, p. 625). 
Sodium amalgam reduces it to /3-2-furanpropionic acid (I), C4ll80-(/H2*CH2*- 
COOH, m.p. 51°, which is converted by bromine water to furonaldehyde (II), 
which can be reduced stepwise to furonic acid (III), hydrofuronic acid (acetone¬ 
diacetic acid) (IV), and pimelic acid (V): 

(T) (ID (III) 

cii--cn ciicMo ciLcoon 

1 >0 -> II -> J1 

. OIL • CO-XI CIT • CO • CH2 • CIL • CO2H CH • CO • CIL • (• CO2H 


(V) (TV) 

CH2COOII 0112-00011 

in, • CHj • (^Hj • (ills • CO ■ CII, • oils ■ CO2II 


This conversion of furfural to pimclic add is proof that the aldehyde group is 
in the 2-position. For other reactions of this typti, see Kehrer, Igltr, Ber. 32, 
1176. 


a-2-Furfiirylidenebutyric acid, furylangelic acid, OiHsO-CHiC-(CH 2 -(Tl 8 ) •- 
rX>OH, m.p. 88° (ozonide splitting: Carter, Am. 50, 2299) results from the con¬ 
densation of furfural with butyric acid; it is reduced by sodium amalgam to 
r^-furfurylbutyric acid, furylvaleric acid. Furfuryl condenses wdth levulinic acid 
to 5- or /3-furfurylidenelevulinic acid, C4H.,O-‘OH:CH 0O CH2 0H2'C00H, 
or O4H3O • CH: 0(C0CH8) • CH 2 • COOH ; the former is formed in an acid medium 
and the latter in an alkaline one. The latter acid is easily converted 6-acetyl- 
4-hydroxybenzofuran (p. 52) . Furfural and succinic acid form various condensa¬ 
tion products, accjording to the conditions of the reaction: 2-furfurylidene6UCcinic 
acid, (C' 4 n 20 )CH:(XC 02 H) * 011200211 , s-di-2-furfurylidenesuccinic acid, (C 4 H 3 - 
0)CH:C(C02H) CdXIaH):CH(C4Ha0), and «,/3-di-2-furfui7Udenepropionic 
acid, (C4H*0)CH:CH.C(C02H):CH(C4H,0) (Fichier, Scheuermann, Ber. 34, 
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1620; Titherly, Spencer ^ J. 85, 183). A yellow coiidonsiitioii product is obtained 
from furfural and 1,3-dimethyIbarI)ifuric acid, m.p. Idr)"" [Akahori, Procdmp. 
Acad.Tokio 3 (1927), 3421. 

(5) Furfural reacts with aqueous ammonia to form hydrofuramide, N,N 
2-furfurylid(‘nc-2-furfurylidenediaraine, (C\H4<))3N2, m.p. 117'’. This com¬ 
pound, which is amdogous to hvdrobenziiinide (Vol. HI, p. 272), is decomposed 
into the aldehyde and ammonia by boiling in water; boiling potassium hydroxide 
solution rearranges it to tlu' isomeric furfurin, m.p. 116° (r/. glyoxalines). 

(6') Primary aromatic amines c.ondense with furfural to form furfurylidcne- 
anilines, but amim^ salts (Schiff, Ann. 201 , 355; 239, 374) attack the furan ring, 
forming highly colorerl arylamine derivatives of )(5-hydroxyg!utaconaldehydo, 
whos(‘ hydrochlorides, on boiling wnlli alcohol, split olY one molecule of arylamine 
and condense to colorless N-aryl-ja-hydroxypyrifiinium salts (Dieckmann, Beck^ 
Ber. 38, 4122); 


CII:C--CHO 

in.dS - 


OH; 0(OH).OH:NCcHs• HCl 


CH:CHN1ICJI6 


(TI:(^(OIl)CIl 
^ CH:C1I-ll(C6lIt)Cl 


Furfural givi^s color reactions with 2-naplitihol and concentrated sulfuric acid 
(blue) \ Thomm, BerariVy O.r. soc.biol. 91 (1924), 1470], and with orciri in the 
presence of hydrochloric acid (blue, soluble in amyl alcohol) {F'leury, Poiroly 
J.pharm.chim. [7] 26, 87). 

5-Methylfurfural, (,hH2(CH3)0-CTJ0, b.p. 184-186°, occurs together with 
furfural in w'ood oil (HiU, Ih'r. 22, 608) and in clove oil {Manson, C.r. 149, 795), 
and is present in tlie oil obtained by distillation of varce with sulfuric acid. It is 
obtaiiKd by distillation prrhamnosc (Vol.T, p. 675) with sulfuric acid, just as 
furfural is obtained from firabinose (Maquenncy (hr. 109, 603). 

5-Hydroxymethylfurfural, ((hH20)((Tl20H)CH0, m.p. 35°, b.p. 70° (0.002 
mm.) (formula: van Ekcmieiriy Blanksrnay Bor. 43, 2355), is produced in the dry 
distillation of cellulose and by heating hexosc^s vnth aqueous oxalic acid under 
pressure [Dull, (3i(mi.-Ztg. 19 (1895), 216; Kiermayer, ibid. 19 (1895), 1003; 
Middmidorp, liec. 38, 1]. It is decom})os(Hl l)y hydrochloric acid into formic acid 
and levulinic a(*id. ]%mylh3nltmon(‘: m.p. 141°. Semicarbazojie: m.p. 194°. 
It undergoes several characteristic color and condensation reactions. ('Condensa¬ 
tion product with 1,3-dim(5thylbarbituric acid: yellow leaflets, m.p. 182° [Aka- 
hori, Proc.lmp.Acad .Tokyo 3 (1927), 3421. ( Color njaction with barbituric acid 
and anilim;: sensitive to one i^art in one million. Quantitative determination of 
5-hydroxymethylfurfural: gravimetric, (tolorimotric, titrimetric (Troje, Z.Vcjr. 
deut.Zucker-Ind. 1925, 635). Ihjcauso of its relation to the hexoses it is used in 
certain tests in food clumiistry: th(; Solivanov reaction for the detection of hexoses, 
the Fiehe reaction for the dilTerentiation of artificial and natural honey {Troje, 
Z.Ver.deut.Zucker-Ind, 1925, 635), the Baudoniu reaction for the differentiation 
of butt.er and margerine {van Ekenstein, Blanksnia, Ber. 43, 2356). 

The corresponding halogen derivatives, 5-chloromethylfurfural and 5-bromo- 
methylfurfural, ((hlTiO)((CI-h/Br)^!!^, m.p. 60°, are prepared by the action of 
PlCCl and HBr on ketoses or (jollulose {Fenton, Ber. 43, 2795). 


Ketones 

2-Acetylfuran, 2-furyl methyl ketone, m.p. 33°, b.p. 67° (10 mm.), occurs in 
wood tar and is synthesized from ethyl furoylacetate, C4H80(C0CH2C02C2H6), 
b.p. 143° (10 mm.), which is the condensation product of pyromucic acid est<ir 
and acetic ester {Torrey, Zanetti, Am.Chom.J. 44, 391; Zaneiti, Beckmann, Am. 
50, 1438). 2-Furylacetone, (C4H80)CH2C0CCH», b.p. 180° {Darzens, C.r. 142, 
214). 2-Benzoylfuran, C4H80(90C«H6), b.p. 164° (19 mm.), is prepared from 
pyromucic acid chloride, benzene, and aluminum chloride {Marquis, Bull, 
[ill] 23, 32). 2,5-Dibenzoyifuran, C4H20(C0C6H6)2, m.p. 107°, from dehydro- 
mucic acid chloride (see below), benzene and aluminum chloride. 2-Phenyl-5- 
methyl-3-acetylfuran, m.p. 57°, from phenacyldiac(^tylmethane {March, C.r. 
134,843). 



20 FIVE-MEMBERED RINGS WITH ONE HETERO ATOM 


Carboxylic Acids 

A general synthesis for fiiraiiearboxylie aci<l';, adapted from pyrrole 
eheinistry, cotisists in the a<*tion of acV-diehloro ethers on fii-kv.tonic. 
acid esters (Fujifay J.rharm.Soe.Jiipan 1925, //oH), 4). 

2~FUROIC ACID, pyromucic acid, m.p. with sii!)limation, is 
prepared by the oxidation of furfural and by distillation of mueie 
aeid or isosaecharie acid. 

History.- -Sche(‘h\ in ITcSO, ()t)s<‘rvi!(l pyroiniuMC acid as a product of the dis¬ 
tillation of inucic acid. Pelonze, in 18d4, detcrmiiuid its composition, and in 1877 
V, Hacyer established its constitutional formula. 

Ethyl ester, m.p. d4°, h.p. 210°. Chloride, b.p. 170° (Baum, Ber. 37, 2951). 
Amide, ni.p. 142°, is converted by PCI3 to furonitrile , which is also produccul from 
furaldoxime by los.s of water ]Yafnaguchd, Ball.Oum).iSoc.Japan 1 (1920), 35J. 
Anhydride, m.p. 73° (Baum, Ber. 34, 2505). Hydrazide, m.p. 80°. Azide, m.]). 
62° (Leimhach, J.pr. 65, 20). 

Bromin(3 vapor converts 2-furoic acid to a bdrabromido, (5H3Br40-COOH, 
which is oxidized by chromic acid to dibromosuccinic acid. Evapoiation of 2- 
fiiroic acid with bromine water yi('.lds fuinaric acid; if an ('xcess of bromine or 
chlorine water is present, mucobromic or mucochloric a(*id (Vol. I, p. 457) is 
formed. Heating the tetrabromide or brorninating 24uroic acid in glacial ac(4ic 
acid results in the formation of 5 -bromo-2-furoic acid, C^lzBrO ('OOH, m.p. 
184° (Hill, Sanger, Ann. 232, 42). 3 -Bromo-2-furoic acid, m.p. 129 °, is ()l.>tained 
from two dibromo-2-furoic acids (Hill, Sanger, Ihu*. 17, 1759) by treatimmt with 
zinc. 2-Furoic acid is eliminated from the human body as pyrorni^nric arid, N-2- 
furoylglycine, ()4H30-CO• NH•CII2COOH, m.p. 165° (Schlempp, Z.physiol. 
(diem.117, 368). 

2.5- Furandicarboxylic acid, dehydromiicic acid, C4H2 O'(CO^TT)is prepared 
by heating mucic acid or saccharic actid with hydrochloric ar^id, (‘oncontrattMl 
hydrobromic acid, or (ionceiitrated sulfuric acid. It. is sparingly soluble' in water. 
It decomposes on lieating into carbon dioxide and 3-furoic acid. The esters are ail 
solid, and show interesting melting point regularities. Dimethyl ester, m.p. 
112°, b.p. 155° (15 mm.). Diethyl ester, m.p. 47°, b.p. 108° (15 mm.). Chlo¬ 
ride, m.p. 80°. Unlike 2-furoic acid, 2,5-furandicarboxylic acid is readily re¬ 
duced by sodium amalgam to a dihydro acid I Hill, Am.(4hom..l. 25 439; Yoder, 
Tollens, Her. 34, 34461. 2,4-Furandicarboxylic acid, m.p. 260°, is produced 
by the action of potassium hydroxide on the esters of 3-bromocoumalic acid 
(Feist, Ber. 34, 1992): 

CH-O -CO Kou CH-O -C-coon 

TlO.C-([l--Cn=-iBr ^ HOjC-l'.—-clll 

Dimethyl ester, m.p. 110°. 

Homologous furancarboxylic acids are synlhesiztid from 7-dioxocarboxylic 
acids by loss of watiT. 5 -Methyl-2-furoic acid, m.p. 109°, is prepared by o.xida- 
tion of methylfuraldehyde; its chloride, m.p. 28°, l^.p. 202°, is bromiuated in tlie 
side-chain, and yields a dibromo i)roduct, which can b(3 hydrolyzed to 5 -formyl-2- 
furoic acid, C4H20(C00H)((^H0) -f H2O, m.p. 202°. On oxidation the latter 
is converted to 2,5-furandicarboxylic acid (Hill, Sawyer, Am.Chom.J. 20, 169). 
Bromine water attacks the ring of methylfuroic acid, producing acetylacrylic 
acid, CH8C0CH:CH C00H (Hill, Hendrixson, Ber. 23, 452). 

2.5- DIMETHYL-3-FlJROIC ACID, pyrotritaric acid, uvinic acid, m.p. 135°, 
is prepared (1) from tlie ester of acetonylac<^toacetic acid (Vol. I, p. 603), (^) 
from 2,5-dimethyIfuran-3,4-dicarboxylic acid and'^-mothyl-5-carboxymethyl-3- 
furoic acid (see below) by decarboxylation, (3) from tartaric acid by dry distilla¬ 
tion, and (4) from pyruvic acid by boiling with aqueoas barium hvdroxide or 
sodium acetate for a long time (besides uvitinic acid). Heating in water at 
160-160° decomposes it to carbon dioxide and acetouylacetone; rapid heating 
by itself converts it to dimethylfuran (p. 16). 
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2,4-Dimethyl-3-furoic acid, m.p. 122®, is prepared (!) from bromodimethyU 
counialic acid, instead of the expected 2,4-dimethylfuran-3,,5-dicarhoxylic acid, 
(j^) from acetoaceti(; ester by comien^ation with ciiloroacetone, and (S) from the 
cond(H»sation prodn(4. of /3-oxoj»;]utanc acid and chloroa(*etone, 2 -carboxyinethyl- 
4-methyl-3-furoic acid, (hHO(Cn:i)((^TT2-(^(hH)((ndT), m.p. m% by de¬ 
carboxylation (Feisty Her. 35 , 1545). The latter acid is isomeric; with mctlironic 
acid (s(‘(; b<‘low). 

2-Methyl-5-phenyl-3-furoic acid, m.p. 181°, from ac('tophenon(;acetoacctic 
ester, CBH6-C0-(^H2-('H(C-02R)('() C)f3, (Paaly Bca*. 17, 2764), decomposes 
on heatinp: into (airbon dioxide and m(‘thylphenylfuran. 

2,r)-Dimethylfuran-3 4-dicarboxylic acid, carbopyrotritaric acid, m.p. 261°, is 
obtained from diacetylsuccinic acid ester by boiling with dilute sulfuric acid 
(Knorr, Her. 17, 2864; 22, 146). At elevated temperatures it decomposes into 
carbo?i ftioxid(‘ and 2,5-dimethyl-3-furoic acid. 

2-Furvlacetic acid, m.p. 67° (Hunde, Scotty Johnson, yVm. 52, 1287). 

Tht' diethylester of 2-carboxymethyl-3-furoic acid (fv(‘e aci(l, m.p. 217-218°) 
is forimMl by tht‘ reaction of the diethyl ester of /3-oxoglutaric. acid and o!,/3-di- 
chloroetiiyl ethyl eth(;r, whicdi enters Hie reaction as cliloroacetaldehyde (Reich- 
stein, Zschohke, Tlelv.Chim.Acta 15, 268) 


IIsCbOOC-CH CACn 

II + II 


lUOaGOCMh/bCOH IIO-Oll 


ll^CaOOCi 


0 


2-Phenyl-3-furoic acid, m.p. 163°, is prepar(;d from tl)e ester of benzoylacetic 
M,(;id by a siinihir riiaction. 

5-Carboxyincthyl-2-methyl-3-furoic acid, rnethronir acid, m.p. 204°, is iso- 
nv‘ri(; with (;arbopyrofritaric a<;id, and, like the la4t('r, .yields 2,5-dimet.hyl-3- 
furoic acid on decarboxylat.ion. It is pr(‘pn.red: (/) P>om acotoncetic ester and 
sodium succinate in the presenc(; of a(;etic anhydride (Fittig, Her. 18 , 3410). 
The n'action can be foi’mulated in this wa.y (Schroder, Her. 39 , 2129): 

II(bG-(dl2 4- C^O(Cll.hClT.2(U..R 

I -^ 

CII 2 -(700JI 4 (nh(C02R)C0CIl3 


TI02C-C—C-CH3 4 CH3CO2H 

CH,co,n +ho-coch, 

For anoth(‘r possible course of this synthesis, see Trefiljev, J.chim.Ukraine 1 
(1925), 121. 

Hy a similar r(;action ac(;toacctic ester and p.yrotartaric acid form melhyl- 
nudhronic acid. 

('iA 5-GarboxyTnethyl-2-methyl-3-furoic acid is also formed in the condensa¬ 
tion of acetoacetic (;ster with glyoxal, together with 2-methylfurylacelic acid 
(Polonowsky, Ann. 246 , 1; Knorr, Ber. 22 , 152; Fittig, Ann. 250 , i66). 

HYDROFURANS. Only a few hydrofuran derivatives have; been oi)tain(;d 
hy reduction of furans, for example, tetrahydro-2-methyl-5-phenylfuran, b.p. 
230°, from mothylphenylfuran (p. 16), and tetrahydrodiphenylfuran (Perkin, 
Schlosser, J. 57 , 944). a- or m-Dihydrofuran-2,5-dicarboxylic acid, 

(li—GHCO2H 

II >0 , m.p. 150, is formed by the reduction of 2,5-furandicarboxyIic 

CTJ—CnC02H 

acid (p. 20) with sodium amalgam in carbon dioxide at 0°; in alkaline solution it 
rearranges to t he /3- or ^rans-acid, m .p, 179 °. The latter can be resolved by cincho- 
niTie into its optically active components, m.p. 144°. With bromine, both acids 
give dibrnmides, which are converted to 2-furoic acid by barium hydroxide solu¬ 
tion. Long boiling with alkali rearranges both the and the jS-aciil to 7- or 

CIU-CHCOOH 

2,3-dihydrofurandicarboxylic acid, I >0 ; unlike the a- and /3-acids, 

CH=:CCOOH 
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this acid is furt her reduced by sodium amalgam to tetrahydrofuran-2,6-dicarbox~ 
ylic acid, a-form, m.p. 95®, /S-form, m.p. 124® {Hilly Am.Chem.J. 25, 439; Hilly 
Rmsey ibid. 33, 372). 

Dihydrofuran, b.p. 67®, is synthesized by the reduction of erythritol; it is 
converted to fiiran by PCh {Hcnningery Bull. [II ] 35, 418). 2-Methyldihydrofuran 
is prepared from acetylpropyl alcohol (Vol. I, p. 395; Lipp, Her. 22, 1196). 
2,5-Diphenyldihydrofuran, m.p. 89°, is obtained from a-phenylcinnamenylacrylic 
acid dibromide (2,5>diphenyl-2,5~dibromo-3-pentenoic acid) with alkali (ThieUy 
Rdssnery Ann. 306, 210). Other dihydrofuran derivatives have been synthesized 
from a-chlorocrotonic acid ester and chlorofumaric acid ester by condensation 
with the sodium derivatives of acetoacetic ester and of bchizoylacetic ester 
{Ruhemanriy Wolf, J. 69, 1383). 


CII2—CKiv 

Tetramethylene oxide, teirahydrojuran, I \0, and its derivatives are 

obtained from 1,4-glycols or the corresponding unsaturated compounds, by cata¬ 
lytic hydrogfuiation {Fittig, Ann. 303, 168; Kariyone, J.Pharm.Soc.Japan 
1925, No. 515, 1; 0. 1925, I, 2376). Tlio ],4-oxide iorins of the pentoses and 
hexoscs, such as fructofuranose and glucofuranose, are derivat ives of this tetrahy- 
drofuran (Vol. 1, p. 693; Goodyear, Haworth, J. 1927, 3136): 


/O^ 


hoik; cHciioOii 

HOIli-CHOII 


1,4-PcntoHe 


IIOv< >11 

H0H2C y yoiHOH 

none—ciioH 

2,5- llcxoF^e 


CH 2 - -(V)s, 

7 -Lactones, such as but 3 Tolact.onc, I >0, and tll(^ anhydrides of the 

CIU-C(X 

succinic acid series, such as | >0, are 0 x 0 - and dioxotelrahydrofurans. 

Oil, - (10/ 

CO-CJr,>v 

Tetronic acid, 1 >0 (Vol. I, p. 599), and its derivatives, and «-oxo- 

CHj—CO/ 

CO - CO. 

lactones of the formula I >0, which rc^sidt from the condensation of 

Cih’CH/ 

a-oxo acids with aldehydes, an^ also dioxotetrahydrofuraus {Erlcnmeyer, Lux, 
Ber. 31, 2218). Tin? diethyl ester of 3,4-dioxotetrahydrofuran-2,5-dicarboxylic 
CO CH -COaiyia 

acid, I )>0 , m.i). 189°, is formed by the condensation of oxalic 

COCH—CO0C2H5 

ester and diy;lycoiic acid dicdhyl ester by means of sodium et-hylate {Johnson, 
Johns, Am.Chem.J. 36, 290). 


, b.p. 65® (7 mm.), has been obtained by con¬ 


densation of 2-furoylacotic ester and chloroacetaldehyde and decarboxylation of 
the acid formed {Kmdo, Suzuki, J.Pharm.Soc.Japan 1927, No. 544,70; C. 1927, 
11, 1027). 

2. THIOPHENES 

Thiophene, C4H4S, the sulfur analogue of furan, is very similar to 
benzene in its behavior (see p. 15). Its ring can be regarded as a 
benzene ring in which one of the three vinylene groups has been re¬ 
placed by sulfur. It was named ^^hiophone^^ because^ of its similarity 
to benzene, thio indicating the presence of sulfur, and phene, the 


2 ,2'-Difuryl, 




THIOPHENE GROUP 


23 


relationship with pho^iyl compounds, A strm^tural formula analogous 
to the Thiele formula for benzene has b(‘en postulated for thiophene 
(see p. 15). Spectroscopic data for tlnoi)hen(‘ and its derivatives 
sui)port this hypothesis of a ring with complete inner saturation (v. 
Auwrrsj Kohlhaas, J.pr. 108, 321). 1'hiopliene and its alkyl deriva¬ 
tives not substituted in the 2 -position give a dark blue color reaction 
with isatin and concjontrated sulfuric acid, which is knowui as the 
indophenine reaction {Meyer, Ber. 16,1473; for details, sec p. 25). 


History .—Thiophone and methylated tliiophenes are invariably present in the 
ben/Ame hydrocarbons obtained commercially from coal tar. Because of this, 
before the discovery of thiophene, the indophenine reaction was considered to be 
characteristic of benzene hydrocarbons. In 1883 Victor Meyer observed that this 
reaction was not given by benzene prepared from benzoic acid, and was caused by 
an impurity containing sulfur in the commercial benzene. In this way thio¬ 
phene was discovered, and subsequent investigations by Meyer disclosed its con¬ 
stitution and its kinship with furan and pyrrole. Ttiionessal, a derivative of thio¬ 
phene, had been known earliiir {Laurml, 1841), but its identity with tetraphenyl- 
thiophene was not uncovered until 1891 {Baumann, Fromm), 

The synthesis of thiophene derivatives from y-dicarbonyl compounds has al- 
read}^ been discussed on p. 15. The conversion of 7-0x0 acids to hydroxythio- 
phcnes with P2S6 takes place very readily; the hydroxythiophenes are reduced 
by P2S3 to thiophenes {Paal, Ber. 19, 551; Paal, Hoffmann, Ber. 23, 1495): 


CH2—COCHa 

coon 

Lovulinio acid 


CH==C(CH3) 

CTI=C(01I) 


2-Hydroxy-5-methyl- 

thiophene 


CH=C(CH,). 

2-Meihyllhiophene 


A new synthesis of thiophene derivatives consists in the ring closure of a 1,2- 
dicarbonyl compound, such as btuizil, and a thiodiacetic acid ester under the in¬ 
fluence of sodium ethylate {Hinsherg, Ber. 43, 901; 45, 2413): 


CJTs-CO-OO-ColU 
IRC2OOC • Clh • S ’ CH2' COOChHs 


IRCe-O-(>OJU 

> II + 2 H 2 O 

H.aooc • 0—S—C • COOC2l‘U 


For Uic preparation of hydroxythiophenes from a-chloroacetyl-jS-aminocrotonic 
acid est(;r and pure potassium hydrosulfide, see Benary, Sitbersirom, Ber. 52, 
1605. 

Thiophene and its derivatives are produced in several pyrogenous reactions. 
2,5-DiaryIthiophenes aiv formed when anils of aromatic-aliphatic ketones (such 
as the anil of acetophenone) are heated with sulfur at 220° {Bogert, Herrera, 
Am. 45, 238). 

OH3 CH3 lie-CII 

J + S 1 -> Jl II -f 2CeH5NH2 

Cells-C^N CfllU CftIRN-.C-CoHs CAh-C C-CJU 

Alkenylbenzenes on heating with sulfur yield phenyl thiophenes. Styrene gives 
diphenyithiophene, stilbenc gives tetraphenylthiopheno, and acetylenedicarbox- 
yhe acid gives thiophenetetracarboxylic acid (Michael, Ber. 28, 1635; Baumann, 
Fromm, Ber. 30, 110), 

THIOPHENE, C 4 H 4 S, m.p. —29.8°, b.p. 84°, 1.062, occurs in 

coal tar, together with methylthiophenes; thiophene and its 
homologues are present in the corresponding technical benzene hydro¬ 
carbons (about 0 . 6 %), since thiophene and benzene have approxi¬ 
mately the same boiling points, as do also methylthiophene and 
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and so forili. Thiophene is formed in good yield from sodinm 
sueeinate on heatirig with P 2 S;j {Volhard, Erdmann, Her. 18 , 454): 

(^FT2--00,Na 

I -> I /►S 

CihKii 

Oth(^r (‘onipounds, sucli as (‘rotoiiio acid, laityric acid, and paraldoliydo, fdso 
giv(‘ t,hioj>lH'nc wlcin with P 2 S 3 . It is ol)taincd by p.issinjz; ethyl sulfide, or 

acetylcru; and H.;S, throuj^^h a ghnvin^ (iibc {Mnjer^ irc.sr/?c, Per. 50, ^122; Toni- 
khifiO'n, J, 125, 2264), illuminating ^^as over pyrile (FeS^) at 280 to 310° (Stein- 
kopf, Kirchhvff, Ann. 403, 1; Steinkopf, Ann. 430, 78), or a(H)tyIene or otliylene 
over boiling sulfur. 

Thiopheiu^ is reinov(Ml from technical iKuizene by sliaking witli a little con> 
cent.rated stdfuric acid (4 10%) {Weitz, B(^r. 17, 792), or by pnadpitating; as thio- 
phenennuTury hychoxyacetaUa CklT-iSCHgOCIOEHs) • fTgOTT, by boiling with 
rrienMjf’ic acetat(‘. TIh‘ mercury compound is split into thiophene and iiicrcuric 
chloride by boiling hydrochloric acid (Dimroth, FFt. 32, 758; Schwalbe, Ber. 38, 
2208). ThioplnoK' is d(d.(a’mined quantitativ('ly as niotliyl thiimyl ketone (Stad- 
nil'ov, (lohJJurh, Iho'. 61 ,2341). 

Tluopluuc' is a colorh^ss liquid with an odor similar t,o Ihmi/amhu It. crystallizes 
in a bath of solid (tarbon dioxidi* and ether. It. is not. altackial by sodium even 
when boi!(‘d with it. It forms chara,ct.(n-ist.ic, crystalliru' salts with mercuric chlo¬ 
ride, which an; useful in the ident.ifica.t ion of thiophene, and al.^-o of its homo- 
logues: (bHaSllgCd, r) 4 H 2 >S(I]g( 3)2 (Sieinkopf, Bavermeister, Ann. 403, 50; 
Steinkopf, Ann. 413, 310; 428, 23). The compound containing two irHU’ciiry 
atoms is transformed in dilute pyridin(^ solution in lli(‘ ])n^s('nc(‘ of sodium iodide 
to a, d(‘rivat.ivc wuth Tuercury in the ring {Steinkopf, Buicaherg, Augestad-Jensen, 
Ann. 430, 63): 


/in\ 

CjHjS SHj(\ 

2-Thienylmagnesium iodide n'acts with 8n( ’b to form tetra-2-th'icnyltin, 
((bHsSpSn, m.p. 153°, and witli PbCl.^ to form tctra-24hicnyUead, m.p. 152° 
(Krause, Jiemvanz, Per, 60, 1582). 

According t.o its foi-muln, t.hioplieiui is a evclicr dioh'firi sulfide, but it exhibits 
nom; of (uis(' of a.ddi( ion of alkyl sulfides for niidhyl iodid(‘, oxygen, etc. It. is 
readily attacked by pernuinganattn ('oncentraled nitric a(‘id conv(‘rts it in a 
vigorous n^action to <linitrot.hioplicne. 

niazoac(‘|.ic ester reacts with, thioplu-iu^ just. iM-s it. docs with benzene (Steinkopf, 
Augestad-Jensen, Ann. 428, 154). 


Bonzpiio scries 

B.p. 

Benzene 

80.5 

Tohienei 

110.3 

p-Xylene 

138° 

Isopropylbenzene 

153° 

Diphenyl 

254° 

Diphenylmcthane 

Ciilorolienzene 

261° 

132° 

p-Dichloroben zene 

172° 

Bromobenzenc 

155° 

Tetrabromobenzene 

329° 

p-Dinitrobenzono 

299° 

Benzoic, acid 

250° 

Benzonitrile 

191° 

Acetophenones 

202 ° 

Benzophenoiie 

307° 

Cinnamic acid 

m.p. 133° 


Tbioplicuo series 

B.p. 

Thi<»phen(‘, 

84 

2 -Methylthiopheiie 

113 

2,5-Dimethylthiophene 

135 

2-Is( )propy 1 th iophene 

154 

Dithienyl 

266 

Dithienylrnethane 

267 

2-Chlorothiophene 

130 

2,5-Dichlorothiophene 

170 

2 -Bromothiophene 

150 

Tetrabromot h iophen 0 

326 

Dinitrothiophene 

290 

2-Thiopbenecarboxylic acid 

260 

Cyanot,hi< »ph(u xo 

190 

Methyl thienyl ketone 

213 

Dithienyl ketone 

1 326 

Thienylacrylic acid 

m.p. 138 
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The striking similarity in physical properties betW('on members of the thio¬ 
phene series ami those of tlu* benzene series is iliustrate<l in iJie table of boiling 
points and melting points on pag(^ 24. 

The analogy in clunnical Ixdiavior bet\v(i(xi theses two series of eomponiids will 
V>e made apparent in tlm following disfussioiis of thiophene derivatives. The 
analogy ext(mds to physiological activity; t,he b(‘nz(‘ne ring in coTnpoiinds such 
as coc.aints atropine, and (Xjcaine can bi‘ r(‘plac(;d by a thiophene ring with lit tle 
efT(!(it on their ac^tion {Steinkopf, Okae, Ann. 437, 14; Strinkopf, Wolfram^ ibid. 
437, 22 ; Sieinkopf, Ohset Ann. 448, 2()5). Thiophen(i- 2 -carl)oxyli(; acid is elimi¬ 
nated by the human body as ihiophenuric arid, which corresponds to hippuric 
acid of the Ixiiizcme series (Srhempp, Z.physiol.t liem. 117, 41). 


Indophminc Rcaclioii 

Tins color i(‘:iction, mentioned on p. 23, is Ix'st carriixl out in this way (Schlenk, 
liluni, Ann. 433, 9S): A drop of thiopluMie, or a corri;sponding amount, of th<^ 
solul ion to b(' testcxl foi’ thioplume, is add(Ml to a brigiit y(4Jow chloroform solution 
of isathi. 'J'his solution is iix^-cooled, and pun^, ice-cold, coiKHaitrjited sulfuric 
acid is addixl. A biue -green coloration results in the ])r(^sonce of even the smallest 
trace of thioplHXKu 

The (tolor is du(' to a.n indigo dye formed from two molecules of thiophcimi and 
two molecules of isatin bSc/dca/i:, lUmn, Ann. 433, 95; Hrlhr, Z.aiigew.Chem. 
37 (1924), 1017]: 





\c»h/ 


In agnM'TiuMit with this structure 2-alkyl- ami 2,5-dialkylthioph(aie do not give 
tJu' iiK^lophenuK' r(3a(4,ion. 

Th(‘ coloi’ re;iction pro'iucj'd with thioplauK^ is not r(3strict(‘d to isa,tin, but tM,k(‘s 
plac(3 und(‘r similar comlilions with other compounds containing tlie grouping 
•('()•(/()•, such as Ix'tizil and j>henauthrfi,(|uiiion(‘ {Laalx-nheinicr reaction, 
Orlcr, H(*,r. 37, 3318). Me-^oxalic acid ester rtiacts in the same way with thiophene 
(Schlenk, Hhwi, Ann. 433, 95). 

1. HOMOLOGUES OF THIOPHENE. (The numlx^ring of the thiopheiu' 
ring is analogous t,o that of t he furan ring, set* p. 15.) Jlomologues of thio|>h(Mi(‘, 
in addition to their synthesis from 1,4-(iic:arbonyl comjx^iinds, ar (3 obtainiMl from 
thio})hene by im'.thods similar to those used in t he pn 3 ])aration of benzime homo- 
logues from b(*nz(;ne, such as treatment of iodot-hioplume with alkyl i(xlid(\s and 
sodium, or of thiophem^ with alkyl bromides and .4Kin. A number of tJiiojdiene 
homologues hav (3 b(x*n found insiiale tar oil [Schriblrr, Z.angew.Cliem. 39 (192(>), 
1397]. Alkylthiophenes, like their benzem; analogues, yield carboxylic acids on 
oxidation. 

2-Methylthiophene, a-thiotolene, b.p. 113°, prepared from iodothiophene and 
methyl iodide with sodium or synthetically from levulinic acid [stje p. 23; Chrzas- 
zclzewska, Roezniki Ch(;m. 5 (1920), 33], gives thiophene-2-carboxylic acid on 
oxidation. 3-Methylthiophene, d-thiotolene, b.p. 114°, from sodium pyrotar- 
trate and P 2 S 3 . Roth methyl thiophenes are present in coal tar toluene. Di¬ 
me thy Ithiophenes or thioxenes are found in crude xylene (Keiscr, Rer. 29, 2500). 

2.3- Dimethvlthiophene, b.p. 136°. 2,4-Dimethylthiophene, b.p. J38°. 2,5- 

Dimethylthiophene, b.p. 135°. 3,4-Dimethylthiophene, b.p. 145°. 2-Isopropyl- 
thiophene, b.p. 154°, is obtained from thiophene and isopropyl bromide with 
ahiiniuum chloride. 

2-Phenylthiophene, in.p. 41°, from /3-benzoylf)ropionic a(;id (Kucs, PaaU 
Ber. 19, 3141). 2,5-Diphenylthiophene, m.p. 153°, is prepared from diphenacyi 
with from styrene or einnamii; acid with sulfur (Baumann, Fromm, Ber. 28, 
890), or from the anil of ace.toplienom*. with sulfur (Bogrrt, Herrera, Am. 45, 238). 

3.4- DipheDylthiophene, m.p. 114°. 2,4-Diphenylthiophene, mp. 119°, is fomnxi 
with the 2,5-diphenyl derivative when cinnamic acid is heated with sulfur {Fromm, 



26 five-mf:mbered rings with one hetero atom 


Fantlt Leihsohn, Ann. 457, 2()7). Tetraphenylthiophene, thionessal, m.p. 184°, 
is obtained by h<‘,atinK Ihiobenzaldobyde of sodium thiohenzoate, and from stil- 
bene and sulfur, as Ihioidioiui is i)r(‘i)arod fiMun etliyleno and sulfur (Lavrenty Ann. 
38, 320; Baumann, Kleii, Her. 24, 3310; Fromm, Achert, Bor. 36, 534). 

2,2 '-Dithienyl, m.p. 33°, i.s fonned from thiophene by the action of H2SO4 
and from 2-iodoHuophene with silver (FJberhard, Bor. 28, 2385). 3,3 '-Dithienyl, 

m.p. 132°, friwn bu1ane-ck’,/'l,7,5-totracarboxylic a(;id with P2S3. A mixture of the 
two dithienyls results when tliiopherKi vapor is passed through an incand(!seent 
tub(3. Dithienylmethane, (C4HsS)2CTI.>, m.}). 43°, b.p. 207°, from thiophene and 
methylal. Thienyldiphenylmethane, (C4H3H) EHfPeHOs, m.p. 63°, b.p. 335°, 
from thiophene and bi^nzohydrol. Thienyltriphenylniethane, ((Wf))3C(<^'4H8S), 
m.p. 237°, is obtainc'd from (rijdienylmethanol and thiopinuie with lAOs; the 
homologues of Ihiophem* also eondiuise with triphenylnvetluuiol uudc'.r tlu* same 
conditions (ll'rmc, B('r. 29, 1402). Dithienylphenylinethane, CJIr^TT(041138)2, 
m.p. 75°, is fumed by the comhuisation of benzaldehyde and thioplame (Tohl, 
Nahke, B('r. 29, 2205). as-Dithienylethane, CH3CH(C ^HsS)^, b.p. 270-280°, 
s-dithienylethylene, (04lI;i8)CH ; OR (041X38), m.p. 125° {Nahke,Bir. 30, 2041). 

2. HALOGEN DERIVATIVES. Thio{)heri(j is attackuul by chlorine and 

bromine in tlie c.old, even more euergt‘tically tlian benzene is. lodiiie also reacts 
with tiiiopheiK? at rt)oni temperatnn; if HgO is present. All tlirec; halogens first 
enter the 2-posit ion. For the pr(‘paration of pure monobromothiophene, N- 
bromoacetamide or cyanogen bromide is used (Stemkoj)f, Ann. 430, 78). Oxida¬ 
tion of broiiiinated thioi)hene with very cold concentrated nitric acid ruptures the 
ring, yic^lding products such as dibromomalcic acid, bromocitraconit; acid, and 
dibromoacetoacrylic acid (A'nffeh', Viamirian, Jhjr. 24, 74, 1347). ^ 

2-Alkylthiophen('s are chlorinalv.d and hrominated almost exclusively in the 
nucleus, even in the sunlight and at the boiling point. d-Metloillnoplnmo, on the 
contrary, is halogt^nated mostly in the side-chain, espcHiially wlum the readion 
mixture is heatt'd. 

2-Chlorothiophene, b.p. 130° (Blemkopf, Otto, Ann. 424, 61). 2,5-Dichloro- 
thiophene, b.p. 170°. Tetrachlorothiophene, (hC'UB, m.p. 36°, I).]). 220“24f)°. 
2-Bromothiophene, b.p. 150°. 2,5-Dibromothiophene, b.p. 21 J ° (Blcinkopf, 
Otto, Ann. 424, 01); the fonriation of this compouml can siirvc for th(^ st7)aration 
by moans of bromine* of all the thiopliene pres(*nt in a crude benz/ene (Btadler, 
Ber. 18, 1400). Tribromothiophene, m.p. 20°, b.p. 200°. Tetrabromothio- 
phene, m.p. 112°, b.p. 326°, is also produced in tlie energetic bromination of sub¬ 
stituted tiuoifiamcs when the substituents an* displaced (Marcusson, Ber. 26, 
2457). 2-Io<iothiophene, b.p. 182° (Thysacn, J.pr. 65, 5). 

3. NITROTHIOPHENES. Nitric acid attacks thiophe/ie very eneri^etically. 
To moderate the reaction a inixtuni of thioj)henc vapor and air is passed into fum¬ 
ing nitric acitl; the products are mono- and dinitrot.l)io})hene (Meyer, Stadler, 
Ber, 17, 2048). Nitration witii benzoyl nitrati.* (Vol. Til, p. 208) in carbon tetra¬ 
chloride {Frands, Ber. 30, 3801) or with glacial a(H^t ic aci(I-acetic anhydrides as tlie 
diluent (Babasinian, Am. 50, 2718) runs smoothly. 

2-Nitro^iophene, m.p. 44°, b.p. 225°. Dinitrothiophene , in.p. 52°, b.p. 290°; 
its alcoholic solution turns dark red when alkali is addesd. This color reaction can 
bo UvSed to test technical di nitrobenzene for ( lui presence of dinitrothiophene 
(Meyer, Stadler, Ber. 17, 2778). 

4. AMINOTHIOPHEJ^ES. Nitrothiophenes are reduced much less readily 
than the niti’obenzeues. 2-Nit-r()thiophene in dilut.c alcoholic solution is reduced 
by zinc and hydrochloj’ic acid to 2-thi()phenine (Stadler, Ber. 18, 1490). 

2-Thiophenine, 2-aminothiophene, b.p. 79° 01 mrn.), is a bright yellow oil 
wliich resinifies on exposure to air. Its hydrochloride forms deliquescent needles. 
It can be diazotized in the form of its tin double salt (Steinkopf, Muller, Ann. 448, 
210). Thiophenine coiqiles with salts of diazobenzemo to form azo dyes such as, 
C«Hj,N:N-04^128-Nil2 (Stadlrr, B(‘r. 18, 2310). 2-Acetamidothiophene, (C4II8- 
S)NHC'0CR8, is also obtained from tin* oxime of methyl thienyl ketone, (C4H8S) • - 
C(NOH)OHa (p. 27), by the Beckmann rearrangeimait [Rmiini, Chem.Z. 
23 (1899), 266]. 2-Thienylurcthan, (04H3S)NH(J02C2H6, m.p. 48°, prepared 
from tlie azide of thioplu‘ne-2-carboxylic acid, decomposes on saponification 
(Thyssm, J.pr, 65, 1). 

5. SULFONIC ACIDS. Like the beiizoTusulfonic acids, thiophonesulfonic 
acids aro produced by treatment of thiophene with sulfuric acid, but the reaction 
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must be modt^ratcd by dilution of tho thiophene with p(itroleum oilier, benzene 
or ihe iik(‘. They arc^ also obtained from thienyl ketones by displacement of 
the ketone group by the sulfonic a(;id group {Krekvier, Ber. 19, 074; Muhlert, 
Ber. 19, 1620; Reiser^ Ber. 29, 2562), 

6. HYDROXYTHIOPHENES . Hydroxy thiophene is not known. 2-Hy- 
droxy-O-methylthiophene, hydroxythiotolene , (hH2(Cl[3)(OH)S, is synthesized 
from levulinic acid (p. 23). 2 -Thiophenethiol, (('4H3S)SJT, b.p. 166°, is pre¬ 
pared by reduction of 2-thienylsulfonyl chloride, (C' 4 nsS)S 02 CI ; it is present in 
the crude thiophcme obtained by distilling succinic acid with P2S6. 

7. ALCOHOLS. 2-Thienylmethanol, b.j). 207°; for its preparation, see 
below'. Tertiary 2-thienylm(‘.thanolH, (C 4 HrtS)C(OH)H 2 , such as dimethyl-, 
methylphenyl-, and diphenyl -2 -thienylmethanol, m.p. 33°, 50°, and 125°, are 
produced liy the reaction of 2-tliienylmagnesium iodide, (C4HSS)-Mgl, with 
ketones (Thom,as, O.r. 146, 642). 

8. ALDEHYDES AND KETONES. 2-Thiophenecarboxaldehyde, b.p. 198 °, 

is prepared by the reaction of 2-thienylmagnesium iodide with orthoformic acid 
ester [Grischkewitsch-TrocMrnovski, J.Buss.l*hys.-Chem.80c. 43 (1911), 204). 
It is obtained in smaller yi{4d by the catelytie reduction of thiophene-2-carboxylic 
acid chloride [Vol. I, p. 226; Hojahri, Sehultin, Arch.Pliarm. 264, (1926), 348], 
by heating tlii(mylglyoxylic acid (see b(‘low) and by redact ion of a-chloro- 
glutaconaldehyde, (TTO-CX-liC/FT'OH.iCTIO, with hydrogcai sulfide (Dieckmann, 
Ber. 38, 1651). Tlu^ aldehyde is oxidized to tluoj)]u‘ne-2-carhoxylic acid by the 
oxygen of the air. With aqueous f)ot.‘issiuin liydroxide it fonns, like beuzalJehyde 
and furfuraldehyde, the corrcsjmnding carboxylic, acid and alcohol: 

2C4H3S-CHO + KOH = 04ILS-C02K + (hH«S-CH2(OH) 

With sodium acjetate and a(*,eti(^ anhydridi^ it coTidtaisos to thienylacrylic acid, 
-00211, m.p. 138°, which is analogous to cinnamic acid. With 
ammonia it gives a hydnimiih;, (CV,H4S)3N2, m.p. 111°, corrcjsponding to hydro- 
hcnzainide (Vol. Ill, ]). 272). A thiophene green is formed by a process similar 
to that which converts b(mzu.lde}iy<l(; to malachite gnion. 

The keton(^ derivatives of thiopliene are n-adily obtained from acid chlorides 
and thiophene in the pres(a)e(‘ of nJuminum chloride, pliosi)horus p(‘ntoxide (Stein- 
kopf, Schuhart, Ann. 424, 1), or tin b^tratddoride (Siadnikojf, Rahowsky, Ber. 61, 
268). 2-Thien3d methyl ketone, aevtothienmie, C4H88-(X)(/H3, b.p. 213°, is 
oxidized by porrnanganat(‘. first to thienylglyoxylic acid, (^HrS-OO-CO ali, m.p. 
91°, then to thiophene-2-c.arboxyli<‘. acid. 2-Thienyl ethyl ketone, b.p. 100° 
(11 mm.); 2-thienyl propyl ketone, b.p. 120° (16 mm.); 2, 5 -dimethyl-3-thienyl 
methyl ketone, b.p. 126® n8 mm.) (Steinkopf, Schuhart, Ann. 424, 18). Di¬ 
thienyl ketone, thienone, CX)((J4H3S)2, m.p. 88°, b.p. 326°, is prepared from thio¬ 
phene and COCI 2 . 2-Thienyl phenyl ketone, m.p. 55°, b.p. 360°, from thio¬ 
phene, Vjenzoyl chloride, and alnmimim (4ilorid(^. 

9. THIOPHENE CARBOXYLIC ACIDS. The carboxylic acids of thiophene 
are formed by the methods used in the pniparation of aromatic carboxylic acids: 
(1) By oxidation of alkylthiophenes wdth alkaline permanganate (2-ethylthio- 
phene first forms thienylglyoxylic acid, then thiophene carboxylic acid). (S) 
r>om iodo- or bromothiophene with chloroformic acid ester and sodium, or from 
thiophene with clxlorofonnic a(;id ester or urea chloride and aluminum chloride. 

Thiophene -2 -carboxylic acid, m.p. 126°, b.p. 260°, K (dissociation constant) 
== 0.0302, is obtained from 2-iodothiophene and chloroformic acid ester with Na 
amalgam, from thienyl methyl or ethyl ketone, (C)4H3S)(.1002116, by oxidation 
with pc^rmanganate (Thyssen, J.pr. 65, 6) and from inucic acid by heating with 
barium sulfide (p. 15). Its nil-rile, (^HaS flN, is formed by distillation of 2- 
thiophcnesulfonic acid wdt ii KON or by removal of wat(‘r from thiophene aldox- 
ime (Douglas, Ber. 25, 1311). Ethyl ester, b.p. 115° (25 mm.); chloride, b.p. 
203°; hydrazide, m.p. 136°; azide, m.p. 37° (Thyssen, J.pr. 65, 1). For the 
substitution of thiophene-2-carboxylic acid for benzoic acid in phannacologically 
active compounds, see Steinkopf, Ohse, Ann. 437, 14, and Steinkopf, Wolfram, 
Ann. 437, 22. Thiophene -3 -carboxylic acid, m.p. 138°, from 3-methyIthio- 
pherio. Thiophene -2,3 -dicarboxylic acid, m.p. 260° (dec.), condenses with re¬ 
sorcinol, as phthalic acid does, to form a fluorescein. 2,4-Acid, m.p. 118°; the 
2,5-acid sublimes at 300° and is reduced byNa amalgam to tetrahydrothiophene- 
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2,5-dicarboxylic acid, m.p. 162°, which reduces wiinn ammoniacal silver solu¬ 
tion and in ginieral behaves like hydrophthalic acid {Enist, Ber. 19, 3274). 
Thiophenetetracarboxylic acid methyl ester, in.p. 127°, is prepared by heating 
the nieOiv'l ester ol‘ ae(itvlenedicarboxylic acid with sulfur in a tube at 150-155° 
Her. 28, 1035). 

Oil o -CH 

Thiophthene, i| || || , b.p. 225°, is formed by heating citric acid 

C1T- S—G- S -(IT 

with P-/Sa, by t he pyrogc'iiic r(‘a(*tion of sulfur and acetylene (liicdeDnann, Jacob- 
sorit Her. 19, 2444) and, to sonui extent, by heating thiophene at 650° {Meyers 
Wesche, Her. 50, 423; Feel, Robiufi07i, J. 1928, 2068). 
TETRAHYDROTHIOPHENE, TETRAMETHYLENE SULFIDE, 

C:H2—CH2V 

I > 

CH2—CU/ 

and its homologues are prepared from 1,4-dihalogen paraflins by treatment with 
K2S {v. BraiLfif Triinipler, Tha*. 43, 545; v. Ihu’. 43, 3220). 


3. SELENOPHENES 

The sehaiojihcnes have; a structure similar to that of the thiophenes, but with a 
selenium atom in place of th(‘ sulfur atom. 

(TI=(;Hv 

SELENOPHENE, | )>Se, yellowash liquid, b.i). 148° (250 mrn.), is 

(';ir=cri/ 

prepared by heating sodium sucirinate with jihosphorus tThelc'oide {Foa, Gazz. 
39 II, 527) and also by passing ethyl .selenide through an in('andesc,ent tube {Meyer 
Her. 18, 1772). 2,5-Dimethylselenophene, selenoxene, b.p. 153°, is formed 
from acetonyhuHdone with phosphorus sidiaiidi^ {Baal, )h‘r. 18, 2255). For the 
preparation of 2,4-diarylselenophenes, sw BoycB, Ihrrcra, .\m. 45, 238. 2,4- 

Diphenylselenophene, ni.f). 112°. With isatin and sulfuric acid s(4('nophenes turn 
carmiiKi-ri'd; thiiy also giv(^ the Laubenheimer n act ion fp. 25). Tetrahydro- 
selenophene: Morgan, Burstall, J. 1929, 1096. Selenindigo, ]>. 01. 

3a. CYCLOTELLURIUM COMPOUNDS: Morgan, Burgesn, J. 1928, 321. 
Attempted preparation of Udlurindigo: Mazza, Melchionna, Rend.accad.sci. 
Napoli [3a], 34 (1929), 54. 


4, PYRROLES* 

The ring skeleton of pyrrole, C 4 H 6 N, is a chain of four carbon atoms 
closed by a divalent irninc group. Being a secondary amine, its 
basicity is slight; in many of its reactions it resembles phenol. The 
inline hydrogen is easily replaced by ])otassium; the potassium salt 
tlius formed reacts ^^'ith CO 2 or CCI 4 to gi\^e pyrrolecarboxylic acids, 
just as salicylic acid is produced in the Kolbe synthesis. Pyrrole 
aldehydes are also pr’epared by adaj)tations of syntheses’ used for 
phenol aldehydes. Like the irnine hydrogen, the methine hydrogens 
are very reactive, being readily replaced by various groups and atoms. 
The constitution of pyrrole and its analogy to furan and thiophene 
(see page 15) are ai)parent from its synthesis from y-dicarlionyl 
compounds. 

This synthesis can 1x3 rcv(3rsed with remarkable smoothness. Hydroxylamine 


• The chemistry of pyrroles up to the year 1904 has been surveyed by Ciamician 
(Ber, 37, 4200). 
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opens the pyrrole ring, produeing a dioxime. Pyrrole itself is converted to suc- 
cindialdoxime (Ciamician, Zanetii, Ber. 22, 1968; Harriet^ Chem.Z. 24, 857): 


CJL • CH; N - OH 

I >NH + 21I2N-OH = I -f Nlla 

ciL • cii: N • on 


FTomologous pyrroles, such as 2~metliylpyrrole and 3-isopropylpyrrole, react 
similarly. This decomposition is useful in determining the position of the alkyl 
group in homologous pyrroles, since 2-alkylpyrroles give oximes of ketones, while 
o-alkylpyrrolcs arc converted to aldoximos, which can be readily oxidized to di¬ 
basic acids. 

There are several possible formulas for pyrrole, which is not the case for furan 
or thfophene. The fifth hydrogen could be on the nitrogen (1), on an a-carbon 
(II) or on a /?-carbon (HI). The last two formulas are analogous to the metliyl- 
ene form of phenol (IV). 


Cil - cii 

I! II 

CniNlLCII 


pyrrole 

1 


crirN:iir 


2-I*vrroler)ine 

II 


CU, -CH 

CH;N-(l:iT 

3-Pvrrolenine 
‘ III 


CH: CH CH 

I II 

CILCOCH 

IV 


Tlu' numbering of the pyrrole ring is .similar to that of the furan ring and of 
tlie thiophene ring. The numbers 1, 2, 3, 4, and 5, or the symbols a, 
ar(} used; in the lattc^r case substituemts on the nitrogen are indicated by N—. 

While tho furan derivatives are important i^hysiologically because 
of tiieir relation to tiic (carbohydrates, the pyrroles and hydropyrroles 
are of int-er(‘st because of their relation to the allturnins and to blood 
liigimmt, hih jiiginent, and chloroph^dl. Hydrogenated pyrrole rings 
are also jiart of the structure of certain alkaloids (nicotine, hygrine, 
tropine idkaloids). 

PYRROLE, b.p. 131'^, 0.9752, received its name from its 

ability to turn a pine shaving moistened with hydrochloric acid a 
fiery n^d (iryppo^). It was first found in coal tar and then in bone oil 
(Range, 1834; Anderson, 1858). It is also present in the distillation 
products of bituminous shales. 

Bono oil is still a commercial source of p^^role and its alkyl derivatives. It is 
isolaUid in t.he form of its potassium salt. 

Pyrrole is obtained synth{?tically (7) from ammonium saccharate or mucato by 
distillation or by healing to 200'^ in tlie pr(;.seiice of glycerol (Khotinsky^ Ber. 42, 
2506); (^) by passing acetylene ami ammonia through ^n incandescent tube: 

2C2TT2 + Nils = C4H4NII -f IL 

(;?) from various acid imitles and lactams, which can also be regarded as 0x0 de¬ 
rivatives of hydropyrroles (p. 50). Thus, succinimide is reduced to pyrrole by 
distillation with zinc dust (or sodium): 


CIL-COv 

I >Nn 

CHi—CQ/ 


CH--on 

{l;H=cn 



Succinimide and dichloromaleimide, when heated with POfi, yield perchlori- 
nated products, which reduce to totrachloropyrrolo. This can 1^ converted 
through tetraiodopyrrolo to pyrrole: 
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H 


CCI-C(\ I.CI> 

>N1I -. 




l-CXX 

Dichloromultii iiiide 




I’entarhioropyrrole 

H 

- yC.ChN - 


HeptacljIori(Je 

Cl^C\ 

I >NH - 
C[=-CK 

lodole 


CC]--CClv 
I >NII- 

CCW-CCK 


Telrachloropyrrole 

CH--CIIv 
-> I >NIT 

pyrrole 


Pyrrolo is produced when pyroglukiiiiic acid (Vol. T, p. 613) is Iniated: 

-COdI 


Clh cu - 

1 ' >N1T 

Cll> CO 


ni- CTP 

I 


For ilie riiig-syutli(‘.sis of ('-nlkyl derivalive.'^, see p. 31. 

l^yrrole is a color)(\ss liquid wit!) a cliaracPu’istic* odor. Jt turns hrown on ex- 

i )oaur(^ to the air. It is slightly sol. in wa.t(‘r and n^'idilj^ sol. in alcohol and ether. 

t gives an indigo-hhi(^ color nijict.ion with isalin and fiuljyrir acid, and witVi 
phenanthreiicqiirnfmc and otheu* reagents (p. 25) {Ciarniciati, Silhcr, Per. 17, 142; 
Meyer, Stadler, P(‘r. 17, 1034; Ci amici an, Magyuighi, Per. 19, 106; hiehermann, 
Krauss, Per. 40, 2492). Cliromic acid oxidizes pyrj*ole to niuleimido {Planrher, 
Caitadari, Atti acead.ijneei |5] 13,1, 489). Pyrrohi is a v(Ty weak base which 
dissolves slowly in dilute acids; strong acids resinify it rapidly. The solutions 
in dilute acids when wanned ju'ciapitate an amorphous red powder of varying com¬ 
position, which is called pyrrole red. The resinifying acition of acids on pyri’ohvs 
is apparently due to^polymerizallon processes (Ciamician, Zanciti, Per. 26, 1711). 
For th(‘ isolation and idiuitification of pyrroles the picrates or the ntcrcnric chlo¬ 
ride double mils are usc<l. Pyrrole couples with diazo compounds to give azo dyes. 

For the qualitative detennination of pyrrole and its hornologues the color 
reaction with Ehrlich's reagent, (4-dimethylaminobenzaldehyde in hydroc-hloric 
acid) is usually (unployed. l^yjT-ohss with a free (dl-group give an intensive red 
coloration in the cold. Tidrasubstitutod pyrroles do not react in the cold, but 
when warnnal they gcuierally los(‘ a substituent and give the color reaction. This 
test is specific for pyrrole otily in the absence of a nund^er of other compounds 
with which dim(‘thylaminob(;nzaldehvde also gives a color reaction. For the 
products formed in this reaction, see Fischer, Nenitzescu, Z.physiol.Chern. 145, 
295. 

3-PhthaUdene-3-pyrrolenine (I) (Dermstedt, Zimmermann, Per. 19, 2201), pre¬ 
pared by wanning pyrrole* with plithalic anhv<lrid(^, ifj probably diuiviMl from the 

.C—C— (Tl 

desmotropic formula III of jivirole (}>. 29): (I) Cd 6 lT 4 y X) | || . This 

MdOIKh.NCH 

type of compound is useful for the purification of many pyrrole derivatives. 

The pyrrole ring can be transfonnrd into a pyridine ring. 3-Chloropyridine 
is prepared by hi^ating the potassium salt of pyrrole, or pyrrole and sodium alco- 
holato, with chloroform (for the course of the reaction, see Ciamician, Per. 37, 
4234): 


CII-OHv CH=<X3 CH 

I >NK + cnci.3 - I II + Kci + nci 

Clf KTK (TI~-(Tl -N 

Bromoform gives 3-bron»opyridims metlyylene iodidt* gives pyridine {Dennstedt, 
Zimm&rmann, Per. 18, 3316) and benzal chloride gives 3-phenylpyridine. Alkyl- 
pyrrols with chloro- and bromoform give homologous 3-chloro- and 3-bromo- 
pyridines (Bocchi, Gazz. 30, I, 89). Dichloromethylpyrroles, (C 4 H«N)CHCl 2 , 
are probably intermediate product,s in these reactions. This would also account 
for the occasional formal ion of pyrrole ald(4iydes, which is analogous to the 
action of chloroform and alkali on phenols (VoL 111, p. 264) (c/. the conversion 
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of indoles to quinolines, p. 02). A similar transition of the pyrrole ring to the 
pyridine rinp takes place when vajiors of N-alkyl- and 2-alkylpyrroles are passed 
through an ineandes(’ent tube, in this ring enlargemeni also, the carbon atom 
entering the ring takes up the .'i-position; N-methylpyrrole forms pyridine, N- 
benzylp.yrrole forms 3-ph(mvlf)yridiini {Pictet^ Iha*. 38, 1940): 


cur-(41 


-—V 1 Iv 

I >N-CU1,C,IL 

OIWCIK 


CU-V{VJ],) CU 

I li 

(UI--C:H-N 


l^-Dcrivalives of Pyrrole 


The potassium salt of pyrrole, (hH4NK « | ^NK, is formed when 

cn-=CTr/ 


metallic polnssiiim is dissolved in pyrrole; hydrogen is ovolv('d, and the salt 
separat(‘s as a crystalline mass. It can also be pn^pfin'd by lieating pyrrole with 
solid KOH. It hydrolyzes it) w^ater to pyrrole; and JCOIl. Sodium reacts much 
less r(;adiiy tlian potassium. 

A series of N-derivatives of ()yrrole may lx; pr(‘par(;d fi'om the potassium salt; 
they are all conv(;rled by h(;at to Cbd(;rivatives. The following derivatives are 
ol:>tained: 

With alkyl iodides: 1 -alkylpyrroles, (hIL'NH, w’hich can bo pn;p.‘ir(;{l dire'ctly 
by using primary aminos in place of ammonia in the pyrrole syiitlK;sis (p. 15) 
or by distillation of alkyl- and arylamine saK-s of mucie; acid. I-Methylpyrrole, 
b.p. 113°; l-ethylpyrroie, b.p. 13i°; 1-isoamylpyrrole, b.p. 180-184°; 1-phenyl- 
pyrrole, m.p.62°; 1-(3 -pyridyl)pyrrole, (UH4N-('shLN, b.p. 251°, from 3-amino- 
pyridine muente (Soderhaurn, Her. 28, 1907). 

With acetyl chloride: 1 -acetylpyrrole, oil, h.p. 178”, from pyrrole and acetic 
anhydride;, togedlicr w4th pyrryl me4hyl ke;te)ne (p. 30). 

With benzoyl chlexhle: 1 -benzoylpyrrole, b.p, 270°, wdiich imrranges OJi heat¬ 
ing to 2-pyrryl phe;nyl ke;tono (j>. 30). 

With pliexsgone;: di-i-pyrryl ketone, ((hT44N)2(T), m.i>. 03”, b.p. 238°, which 
is coiiverieel by heat to di-2-pyrryl ke;leme, CO((',ill3: ^11)2 nnel l-(2-pyrroyl) 
pyrredo. 

With eihlorofeamic acid est er': 1 -pyrrolecarboxylic acid ester, (hTT4: N ■ CXhCyUs, 
b.p. 180°, wliiedi lorms the amide, (hH4:N •GO-NHo, with ammonia. 

With cyaimgcn chloride: l-cyanopyrrole, C4H4N-GN, wdiich re.;adily poly- 
m(;rizes to a melamine derivative. 

Like aniline; (Vol. Ill, p. 78), pyrrole reacts with me;thylmagneisium iexlido to 
form methane (quantitative de;te;rmination of NM-gremps in i)yrrol(;s) anel a 
pyrrylmagucsium iodide, (ChH4N)MgI, in which the magiie;siurn app(;ars te) be 
attacbeel to the 2-carbon atom, since it yields pyrrole-2-eaxrboxjdic ae;id wrth CIO2, 
2-pyrryl ketones with aeud chloride)s and fatty acid est-ers, anel bi-2-pyrroyl 
(p, 30) with oxalyl chlenreh; (Oddo, Ber. 43, 1012; Gazz. 41,1,248). 

1-Anilinopyrroies, C4R4N-NHGcH6, have bee;n synthesized from 1,4-dioxo 
compounds with phonyIhydrazinc {cf. Smith, Ann. 289, 312). 


C-Derivaliven of Pyrrole 

1 . C-ALKYLPYRROLES, homologous pyrrolt^s, occur in bone 
oil; they are the basic unit of blood and bile jjignients and other 
physiologically important pigments. They are synthesized: (a) 
by passing pyrrole and alcohol vapors over zinc dust; ( 6 ) by passing 
1 -alkylpyrroles through an incandescent tube (Pidetj Ber. 37, 2792); 
(c) by heating pyrrole or its potassium salt vdth alkyl iodie-ies (the 
N-alkylpyrroles formed first rearrange to C-alkylpyrroles); (d) by 

decarboxylation of alkylpyrrolecarboxylic acids (p. 37); (e) by direct 
synthesis from 7 -diketones, such as 2,5-hexanedione (cf. p. 15), with 
ammonia. 
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(/) A of C-fi}ky}pyrroh\-< hivo boon prepared by mluetion of an equi- 

rnoieeuJar rnixlun^ of n ketoiK^ and an isonitroso kelo)ie with zinc dust {Knorr, 
Ber. 44, 27W). T1j(' primary pnxiucts, liowever, arc i)yrrolc ketones and car¬ 

boxylic aci(E, so tliii iiietliod will be fli'Cussed in the seidions dealing with those 
coinjxtuods. 

(g) ;t,4-l)ime(hyl-2,o-dietliylpyrrol(‘ is obtaifnal by a ratlu'r unusual syuthc'sis 
from di('lhylk('l.azin<^ with ZnC-'b (j*il<>tg, P>er. 43, 493): 


CllrCdl, (dECiE 

1 I 

(ME(^:NN:(^(ME 


Zncn. EIl;rE-(^C'lE 

- Nila c,IE r NH C (ME 


This reaction, which is analogous to the Fischer indole synthesis, is of use, only 
in isolated cases. 

(h) (t-Methyl- and (■-('thylfjyrroles art; pn;pared by laaluction of tlu* corre¬ 
sponding formyl or acetyl comjiound according to tln^metod of Wolff-Kishin'r 
\Kifihri('r, J.Iiuss.I^hys.ElHUn.Soc. 43 (1911), 5S2; Knorr, //cs.9, Ihan 44, 275S; 
Fischery fUirtholotnavs, Ber. 44, 3314 ; ir/7/,s7a7/cr, Amhr)My Ber. 44, 3707]. 

(?') M(4.hyl gronjis can fu' inirodncca! into pyrroU's by heating tin* latter with 
so(liinn nn*l,hylal(' undta- firt's.-un;; und(‘r lh(;se condit ions 3-et hyl-2, l-dinu'tliyl- 
pyrroh' (cryptopyiTole) is convert(al to 3-ethyl--2,4,.1-1 rinn^t hyl|)yrrol(‘ (phyllo- 
pyrroki) 

Behavior. - (E.Mkyl])yrrok*s are o\'idiz(;d by fusion with potassiuni hydroxiik' 
to the c.orresponding pyrrolt'carboxylic acids; add oxidizing agtaits, such as 
chromic acid and nit rous acid, sonu'tinu's I’cmovt; alkyl groups in t)i(i fvr-positlon 
and give imides of tlu; inakat; acid sta-ic^s or tlunr monoximes {ej. luanofiyriokO 
(Plancher, Cattadori, Atti accad.Linc(;i [5] 12, I, 10; IHloiyy Quil}ria.7in, Bit. 
42, 4094), Like pyrrole itsidf, the E-alkyl derivatives arc r(‘adi!y resinified by 
acids. 

2-Methylpyrrole, b.p. 147^, is prejiared from 2-mcthyli)yrrolidine (p. 49) by 
distillation witli zinc dust (FesUmi, iVasrarclIi, (iazz. 33, II, 207), from th(5 (4hyl 
ester of 2-met hylf)yrrole-3-carboxylic acid by saponification and dt)carboxylation, 
and fi'oni 2-formyl[)yrrole by reduction with hydrazine and sodium (‘tEylatt; 
{Fischer y Bedci’y Stern, y Per. 61, 1978). 3-MethyIpyrrole, b.j). 143° (Fischer y 
Ernst, Ann. 447, 150). 2,3-DimethylpyrroIe, b.p. 165°, from 2,3-dinK‘thylpyr- 
role-4,5-dicarboxylic acid {Fischer, Belter, Stern, Ik'r. 61, 1081). 2,5 -Dimethyl- 
pyrrole, b.p. 105°, and 2,4 -dimethyIpyrrole, b.p. 160°, from their dicarboxyiic 
acids (p. 37). 3,4 -DimethyIpyrrole, m.p. 33°. 2,5-Dimethylpyrrole is opened 

by nitrous acid to tin; dioxime of 2,3,4,5-he.xanet.etrone, ClTsCO-CfNOTT)-C- 
(NOM) •( XXdls {Piloty, QuiUnann, Ber. 42, 4094). 2,4-DimethylpyiTole is 
()xidiz(Mj by chromic acid or nitrous acid to citraconimide or its monoxime 
{Plancher, Cattadori, .4tti ac.cad.Lincei 15] 12, I, 10). 4 -Ethjd -2 -me thy Ipyrrole, 
b.p. 80° (20 mm.) {Fischer, Biiiender, Arm. 468, 78). 2-Ethylpyrrole, b.j). 105°, 
from 2-acetylpyrrole by tin; WollT-Kislmer method, and 2-isopropylpyrrole, b.i). 
175°; they are also formed by the action of ac(‘tald(;hyde or acadoiui and zinc 
chloride on pyrrole. 1,2,5-TrimethylpyTrole, b.p. 180°, from it,s carboxylic, acid 
{Hinsherg, Ber. 38, 113t)). 2,3, 1-Trimethylpyrrole, b.p. 180° {Fischer, Ammann, 

Her. 56, 2330). 2, 5-Diethyl -3, 4-dimethylpyrrole, b.p. 134° (55 mm.). Tetra- 
methylpyrrole, m.p. 112° (Fischer, Zerweeh, Bov. 56, 525; Fischer, Walach, Ann. 
450, 179). 
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Hemopyrrole 

(4-Ethyl-2,3-d i- 
inethy Ipyrrole) 
b.p. 88° (12 mm.). 
Picrate: m.p. 123°. 


Cryptopyrrple 

(I^I'thyl-^Cdi- 

met hylj)yrrole) 
b.p. 96° GO mm.). 
Picrate; m.p. 140°. 


Phyllopyrrole Opsopyrrole 

(4-Itlthyl-2,3,5-tri- (4-Ethyl-3-methyl- 
methylpyrrole) pyrrole) 

b.p. 90°(10 mm.); b.p. 75° (13.5 mm.). 

m.p., 67°. No picrate. 

Picrate: m.p. 104°. 
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The preceding four alkylpyrrolfis an) o})t.ainod as cleavage ])rodiicts of physio¬ 
logically irnporl ant, pignients. Ilcmin, the pigment component of hemogiobiii 
was the first to be split into alkulpyrroles and pyrrolcearhox^llt’ arids by treatment 
with boiling lil-glaeial acetic acid (Nfoicki, Zalcski, Ber. 34, 997). The same 
cleavage product V'‘-:nIt trom the inelal-free pfjrphyrins, the bile pigments, 
and th<‘tran,sfonnaLjt)n prod'nds of th(‘ leaf f)iginent (cVilonjphyll). 

Hemopyrrole wic fi:s 1 nl»ia.iiied in a ])nre condition as a fissit)n product of heiniri 
{Fischer^ Hartludonmus, ih'i'. 44, 3.‘]13). It is syiitlu'sized fnun aminobutanone 
and acefylj).yruvic acid ester (Fi/oty, F/omer, Her. 45, 3749) or from 4-isonitroso- 
3,r)-iieptanedi(me and acetoac(di(‘ ester {Fischer^ Andersag^ Ann. 450, 201). 

Cryptopyrrole was tirst i.-^ola'ed in tlu' fission of bilirubin and was later found 
among the products of tlu' reduct ive chaivagt' of blood pigment. It- is synthesized 
trom isonitrosoacetone oi- aihinoacidone and acet 3 dacetone, 3-acety]-2,4--dimethyl« 
pyrrole being formed first {Knnrr, H(ss, Ber. 44, 2758; Wilfstdtter, Asahina, Ber. 
44, 3709), or from isonitrosoac.etoacetic estm- and acetylacetone through 3-acetyl- 
2,4-diniethylpyrrole-5-carb()xylic acid ethyl (‘sl.er by a WolfT-Kishner reduction 
(Fischer, Schubert, Ber. 56, 1202 ; 57, 012 ), 

Phyllopyrrole was tirst obtaim'd from chlorophyll and hemin (WillstdUcr, 
Asahina, .\ini. 385, 188; Ber. 44, 373)7; Fischer, UartkoUmidus, Ber. 44 , 3313). 
It is synthesized from cryptop.vrroh' l>y hiaiting with sodium methylate in an 
autoclave (Fischer, HarihoUmuius, Px^r. 45, 400), or from 3 -cthyl- 2 , 4 -dim(‘tijyl- 
pyrrole-5-carboxaldehyde (cryptopyrroleaJdehyde, s(‘e below) witli hydrazine 
and alcoholate (Fischer, Schubert, B«t. 56, 1209), or from 2,4,r)-trimethyl-3- 
acetylpyrrole wit-h hydrazine and alcoholate (Fischer, Bartholorndus, Z.j)hysio]. 
(‘hem. 77, 185). 

Opsopyrrole was first described as a fission product of blood pigment (Pilnty, 
Stock, Jier. 46, 1010 );# this was later confimied by other investigators (Fischer, 
Treihs, Ann, 450, 133). 1 1 is S 3 mthesized from 4-acefcy]-3-rnethylpyrrole (Fischer, 
Sturm, Friedrich, Ann. 461, 241). 

2-Phenylpyrrole, m.]). 129®, b.p. 272®, is prepared by the intramolecuhir re¬ 
arrangement of 1 -pheiiylpyrrole by heat (Soderbaum, Ber. 28, 1905). 2 -Methyl- 
5-phenyIpyrrole, m.p. 101 ®. Tetraphenylpyrrole, ni.p. 211 ®, from a,a'-dibenzoyl- 
bibenzyl and ammonia (Fchrlin, Ber. 22 , 553). 2-(2-Pyridyl)-pyrrole, m.p. 88 ® 
(Tschitschibabin, Bylinkin, Bor. 56, 1747). 2-(3-I^ridyl)-pyrrole, m.p. 72®, is 

formed by the rearrangement of 1-(3-pyridyl)-pyrrole; the methyl ioclide of its 
N-methyl (h'rivative is ident ical with the nicotyrine methyl iodide obtained from 
nicotine (Soderbaum, Ber. 28, 1912). 

2 . HALOGEN DERIVATIVES OF PYRROLE. The halogens react very 
energetically with pyrroles. To prevent the formation of t-ar, the halogenation 
must be done in dilute solution. I’iven then, all the available hydrogen atoms of 
the pyrrole nucleus will be immediately re)>laced. (3ilorine find bromine oxidize 
pyrrole in alkaline solution at once, and convert it- to dichloro- or dn>romomale- 
iniide. 

Treatment of pyrrole in ether solution wit-h sulfmyl chloride ( 1 , 2 , and 3 mols) 
gives 2-chloro-, 2,5-dichl()r()-, and 2,3,5-trichloropyrrole as very unstable liquids; 
with 4 mols of SOsCb tetrachioropyrrole is formed, and further action also re¬ 
places the fifth hy(lrogcri atom. This pcntachJoropyrTole, which can also be ob¬ 
tained from sueeiniinide and dichloromaleimide with PC^o, is converted to di- 
chloromaleimide by boiling in water; therefore it must be deiived from the 

CCl—CCl \ 

desmotropic form II of pyrrole (see p. 29), and have the formula || 

CCl—CCl/ 

(Anschutz, Schroeter, Ann. 295, 82). 

Tetrachioropyrrole, (" 4 CI 4 NH, m.p. 110 ® (dec.), sublimable, white needles, 
which turn black after a short time due t-o spontaneous decomposition. Potas¬ 
sium iodide converts it to iodole (see below). 

Pentachloropyrrole, C4CUN, yellowish oil, b.p. 209°, b.p. 90.5® (10 mm.), 
gives a heptachloride wheji heated with PCh,; both of t-hese compounds can be 
reduced to tetrachioropyrrole. 

Tetraiodopyrrole, iodole, yellowish brown prisms, m.p. 140® (dec.), 

is best prepared by treating pyrrole with iodine in the presence of alkali. Tetra¬ 
iodopyrrole is odorless; it is used as an antiseptic, having the same a. tif>n as 
iodoform. 
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3. NITROSO- AND NITROPYRROLES. Si nno pyrro1(‘ and its homologues 
are resiiiified by acids, tfiesi^ compounds rnusi Ik* olitained iudin^ctly, and are 
easily decHiniyKJsed. On the ot her hand, in many cas(‘s aceti^l and carboxyl groups, 
and som(‘iimes nn^tliyl groups, can be smoothly replactd bv NO 2 (Fischer, Zer- 
week, Her. 55, 1949). Pyrrole and its homologuivs wit h a. fna* niot,hine group in the 
^^-posith^n react, with amyl nitrite and sodium otJndate to hirm sodium salts of 

/(H-(':NONa 

3-isonitrosopyrn)I(*s: N :/ | , which an*, dcjrived from the dijsmotro- 

\(;H=(yi 

pic formula III of pyrrole (j), 29). 

For the sodium salts of isonitrosopyrrole, 2,4- and 2,5-dimethyl-8-isonitroso- 
pyrrole, s(;e Angeli, Angelico, CalvcMo, Atti accad.Lincid [5] 11, II, 16; Angelico, 
ibid. [5) 14, I, 699; Angelico, Calvello, Gazz. 34, I, 3<S. 2,r)-Dimethyl-3-i80- 
nitrosopvrrohi is converted by hydroxylamine to the trioxime of 2,3,5-hexane- 
trionc, CH 3 CO-( X) CH 2 COCH8‘(c/. p. 29). 

3-Nitropyrrole, ( 04 n 4 N)NO 2 , bright yellow rhombohodrons, m.p. 63°; its 
sodium salt, (C- 4 l-h,N): NOONa, is prejian'd from pyrrole and et hyl nitrate in the 
presence of sodium (dhylate. Nitro-2,4-dimethylpyrrole, m.p. 111° (Angeli, 
Alessandri, Atti aiK’ad.ljincid |51 20 , I, 311). 

Dinitropyrrole , m.p. 152°, is prepan^d from pyrryl nu'thyl ketone. 3,4- 
Dinitropyrrole, m.p. 101 ° (Hale, Hoyt, Am. 37, 253S). 2,4-Dimethyl-5-nitro- 
pyrrole-3-carboxylic acid ethyl ester, m.p. 149°, from the corresponding 5-acetyl- 
pyrrole and TINO 3 (d = 1.4); 2,4-dimethyl-3-nitropyrrole -5 -carboxylic acid 
ethyl ester, m.p. 204°, is jm^pared in the same way; 2,4-dinitropyrrole-3,5-di- 
carboxylic acid ethyl ester, rn.p. 136°, from 2,4-diraothylpyrrolo-3,5-dicarboxylic 
acid ethyl ester by removal of the two methyl groups (Fischer, Zerweek, Ber. 55, 
195)4). 

4. AMINOPYRROLES. 2-Aminopyrroles ani relatively easy to obtain by 
reduction of tlui corrtisponding nitropyrroles with Al-amalgam in ether containing 
water (Fischer, Stern, Ann. 446, 229). 2-Aminopyrroles may possibly be firesent 
in the reduction firoducts of 2-pyrroleazo compounds (Fischer, Rothweiler, Bor. 56, 
512). 

5. PYRROLEAZO COMPOUNDS. BenziHuxliazoniurn salts couphi with 
pyrrok^ and its homologues to give monoazo n.nd diazo compoumls, which arc 
analogous to the azo (lyest.ufis of tlu^ luinzeue s(Ti(w (Fischer, Hepp, Ber. 19, 
2251). The affinity of the pyrroles for diazo compounds is sometimes so great 
that, carboxyl groufis in tiu* 2-nosit.ion ar<i displaced by the azo radical (Fischer, 
Rothweiler, Ber. 56, 513). The reaction is often used for the identification of 
pyrroles with free CIH-groups, with diazobonzcnesulfonic acad as the diazo com¬ 
ponent. It can also serve to sc^iaratc tri- and tctra-suf)stituted pyrroles, since 
the latter do not couple. 

6 . PYRROLEMETHANOLS are pn^pan'd by niduct.ion of the easily obtained 
pyrrolecarboxaldehydes with tilnminum amalgam (Fischer, Stern, Ann. 446, 229); 
aldol condensation of pyrroUjs having a free 2-position with formaldehyde in an 
alkaline medium yields 2-pyrrolemethanols \7\schclinzev, Maxorov, J.Russ.Phys. 
Chem.Soc. 48 (1916), 748; Fischer, Nenitzescu, Ann. 443, 113]. 

Methanol groups in the 2-position are remarkably active. On storing or 
heating, 2-pyrrolemethanols either split into formaldehyde and a pyrrole with a 
free methino group, or undergo a bimolecular condensation to form a dipyrryl- 
methane (Fischer, Nenilzescu, Ann. 443, 113): 


+ CH2O + lliO 

II II H 

2,4-Dimethyl-3-carbethoxy-5-pyrrolemethanol, m.p. 119° (Fischer, Nenitzescu, 
Ann. 443, 113). 2,5-Dimethyl-3-carbethoxy-4-pyrrolemethanol, m.p. 131° 
(Fischer, Stem, Ann. 446, 234). 2 -Methyl-3,5-dicarbethoxy-4-pyrrolemethanol, 
m.p. 132° (Fischer, Treibs, Ann. 457, 246). 2 , 5 -I^rroledimethanol, (C4H2NH)- 
(CH20H)2: Tscheiinzev, Maxorov, J.Russ.Phys.Chem.Soc. 48 (1916), 748. 

7. PYRROLECARBOXALDEHYDES. This class of compounds serves as 
starting ir.aterial in the synthesis of the acid cleavage products of blood pigment, 


11 . 
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1 jcH^OH 
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and a good method of preparation is, therefore, highly important. The reaction 
analogous to the Reimer-Tiemann synthesis for aromatic hydroxy aldehydes 
(CHCh -f KOH) gives rather low yields. The best method consists in the treat¬ 
ment of an ether or chloroform solution of the pyrrole with hyrlrocyauic acid and 
hydrochloric acid {Fischer, Zerweck, Ber. 55, 1946). Probably formimide 
chloride is formed as an intermediate product. 


R[ ||R 

Ril I'H -f C1*C=-NH 

II 
H 



1(^11:0 + NH 4 CI. 


(For another synthesis of pyrrolecarboxaldohydes, see Fischer, Ernst, Ann. 
447, 140.) 

J^roperites. —The pyrrol(?carboxald(4iydes Ixdiave in many respects like otlu^r 
aldehydes, oxidizing to the corresponding acid, forming oximes and phenyl- 
hydrazones, etc. Tlu'y do not, however, giv <5 tha Arigeli-Rimini reaction (Vol. I, 
p. 130), or giv(^ a color with fuclKsinsulfurous acid. The aldehydes group is rv,- 
duced to a methyl grouj) by hydrazine hydrate and sodium ethylate. The mo.st 
significant reactions of thes(^ compounds are the formation of dipyrrylmethenos 
and the condensation of tlie aldehyde grouj) with reactive CHj-groups. 

2 -Pyrrolecarboxaldehyde, rn.j). 45“ {Bamberger, Djicrdjian, Ber. 33, 536; 
Fischer, Belter, Stern, Ih'r. 61, 1078); 2,4-dimethyl-5-pyrrolecarboxaldehyde, 
m.p. 90“ {Fischer, Nvniizeseu, Ann. 443, 128); 2,4-dimethyl-3-ethyl-5-pyrrole- 
carboxaldehyde {crgplopyrrolccarhoxaldehydc), m.p. 106° {Fischer, Scluihcrt, 
Bor. 56, 1209); 2,3-dimethyl-4-ethyl-5-pyrrolecarboxaldehyde {hernopyrrole- 
carboxaldekyde), m.j). 155° {Fischer, Stangter, Ann. 459, 98); 2,4-dimethyl-5- 
formylpyrrole-3-carboxylic acid ethyl ester, m.p. 165° {Fischer, Zerweck, B(jr. 
55, 1946); 2,5-dimethyl-4-formylpyrrole-3-carboxylic acid ethyl ester, m.p. 151 ° 
{ibid., 1948); 2,4,5-trimethylpyrrole-3-carboxaldehyde, m.p. 141° {Fischer, 
Zerweck, Ber. 56, 521); 2,4-dimethyl-3-formylpyrrole-5-carboxylic acid ethyl 
ester, m.p. 145° {Fischer, Weiss, Schubert, Ber. 56, 1200); 5-formyl-4-methyl-3- 
pyrrolepropionic acid {JorimjJopsopyrrolecarhoxylic acid), m.p. 1.52° {Fischer, 
Treibs, Ber. 60, 379); 4,5-dimethyi-2-formyl-3-pyrrolepropionic acid {formylhe^ 
nwpyrrolecarboxylic acid), rn.p. 155° {Fischer, Platz, Morgenroth, Z.physiol.Chcan. 
182, 280); 2,4-dimethyl-5-formyl-3-pyrrolepropionic acid {formylcryptopyrrole- 
carboxylic acid), m.j). 151° {Fischer, Ber. 57, 615). 

8 . PY^IRYL KETONES an; pr(;i)ared: (a) by heating pyrrole with acid an¬ 
hydrides, together with N-acylpyrrol(;s (p. 31), from which the ketones can 
also be obtained by an intiainol(;cular rearrangement,; {b) by treatment of pyrryl- 
magnesium iodide (p. 31, and Oddo, Ber. 43, 1012 ) with acid chlorides or fatty 
acid esters {Tschelinzev, Tcrentjev, Ber. 47, 2647); (c) by the action of nitriles 
and hydrochloric acid on pyrroles, analogous to the formation of aldehydes; {d) 
by application of the Friedel-Crafts synthesis {Fischer, Z.jjhysiol.Chem. 155, 99). 

In addition to th(;se methods of preparation, in which an acyl radical is intro¬ 
duced into a pyrrok; having a free CH -group, pyrryl ketones can also be obtained 
by direct ring-synthesis. The most important method consists in the reduction 
of a mixtun; of an isonilroso ketone and a 1,^-diketone in acetic acid solution with 
zinc dust {Knorr, Ber. 44, 2760). From acetylacet.one anti isoniiro.soethyl 
methyl ketone, S-acelyl-2,4,54rimeihylpyrrole is fomiod: 


CHs-COCIL 0=-CCll3 
HsC-io ^ C^-CH 3 
HON 


HaCOC-C-CCII 3 

-> II II 

H^C-C CCH3 

\^/ 

II 


4* 2H. 


4 - 2H2O 
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The princifial application of this type of synthtjsis is in the preparation of 'pyrrole-- 
rarhoxyl ic ocidn (s< ' he 1 ow). 

“(hA(U‘ty]pyrr()les are oxidizc^d by potassium permauganab^ to 
j)yrrol('glyoxylie acids, which are converted to pyrrolecarhoxylic acads by alkali 
fusion. Higher acyl radicals, from propioriyl up, are oftiai split off by Hie action 
of {Finchery Andcrmq, Ann. 450, 201). With benzaiddiyde they condense 

to charact(a'is(ic styryl pyrryl ketones, suc.h as CmH^NH •('OCdriHHC'rdTs. 

Methyl 2-pyrryl ketone, 2-acelylpyrro!e, m.p. 00°. Ethyl 2-pyrryl ketone, 
m.p. 52.0°. Propyl 2-pyrryl ketone, rn.p. 48.5°. Phenyl 2-pyrryl ketone, 2- 
hrnzoylpyrrolc, m.p. 7<S°. Benzyl 2-pyrryl ketone, m.]). 95° (for all these 
ketones, see Oddo, Ber. 43, 1014). Di-2-pyrryl ketone, 2-{2-pyrroyl)pyrrole, m .p. 
100°, is binned together with [-{2-pyrroyl>pyrrole, m.p. 63°, by heating 1,1'- 
carbonyldipyrrole {Cianiician, Magnaghi, Ber. 18,419, 1829). 3,5-Dimethyl-4- 
acetylpyrrole-2-carboxylic acid ethyl ester, m.p. 143° [Zarictli, Levi, (lazz., 24, 
I, .547). 

Bi-2-pyrroyl, yi41ow, m.]). 200°, from pyrrylmagnesium iodide and oxalyl 
chloride. 2,5-Diacetylpyrro)e, m.p. 162°. 

9. PYRKOLECARBOXYLIC ACIDS. The pyrrolecarhoxylic acids resemble 
the hydroxylxaizoic acids and an; produced by similar reactions: (a) oxidation of 
homologous pyrroles by fusion with alkali; (5) treatment of the potassium salt of 
pyrrole w'itli CO2: 

C WhN K 4- CO 2 = C J Ia(CO:4K) NTT 

(r) r(‘act,ion of iiyrrylmagnesium compounds with chloroformic acid esl.{;r. 

The (;st(‘rs of homologous pyrrolecarhoxylic acids are obtained by ririg-synth(;sis: 
(d) from 7-dioxomonocarboxylic and -dicarboxylic acid (vsters with alcoholic am¬ 
monia; inst(;ad of ammonia, primary amines, amino acids, hydroxylamincs, or 
phenylhydrazines can be used: 


lEEsCbCTdl - COClh 

I 

lUfWXdT (XXTfs 


NI r-.R IRf '202( X) —=() -C ' IB 

-^ I >iNR 

.CIT, 


(c) By re<luc4ion of an equimolar mixture of isonitro.soacctoaceti(; ester and aceto- 
acetic e^!te^ {Knorr ): 


l{0.ci:NOH 


IT 


*> 


CIBCO 

ROjCCIINIlj 
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CHjOO,!}. 

/lOC'.IR 


ciw;— 

II 

HOjOC-NH- 


■ceoji 

icH, 


The last step in this synthesis is the reaction betw'een the amino ketone, formed 
in the first part of the synthesis, and the second component, which can be a ke¬ 
tone (p. 32), an oxocarboxylic acid ester, or a 1,3-diketone (p. 31). Its 
wide range of application makes it one of the most important metnods for the 
prejmration of pyrroles. 

(/) Closely related to the above s.ynthesis is the formation of pyrroles by the 
reaction of chloro ketones and acetoacetic ester with ammonia. This rather 
unusual synthesis yields |(3-aminocrotonic acid ester as an intermediate product 
(Hantzsch, Her. 23, 1474; Korschun, Ber. 38, 1125; Senary, Ber. 44, 493), 
Furan derivatives are obtained as 8id(;-products. 


011201 IlOOOCXVlr, 

I + il 

IlaO-OO n2N0 01T3 


OH-0-00002115 

II II 

IBO-O ccih 

\n/ 

n 


A large number of pyrroles can be prepared by this reaction, using as starting 
materials various cnloro ketones, chloro-oxo-carboxylic acifls and chloroacetalde- 
hyde, wdiich reacts as the asyrn. dichloro ether {Natiercr, Mo, 5, 491). Hydroxy 
ketones can be used in place of chloro ketones. 

Properties. —In the saponification of pyrrolepolycarboxylic acid esters, car- 
belhoxy grouf)s in the 2-position are attacked first, which makes possilde; the 
preparation of ester-carboxylic acids. With concentrated sulfuric acid, however, 
the 4-carbethoxy group in 3,5-dimethylpyrrole-2,4-dicarboxylic acid ethyl ester is 
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saponific^d first {Fischer, Walach, Bcr. 58, 2820). PyrrolecarboxyHe acids are 
decarboxylated on heating, leaving the corresponding ])yrr()les. Pyrrolecarboxylic 
acids are readily converted by loss of vvatta- to diinolecuhir anhydrides, which are 
called pyrocolls because they are also obt-aiued in the distillation of glue (xdXXa). 

(o) Carboxylic aevis v)i(h (hr carboxyl group on the nucleus. 

2 - Pyrrolecarboxylic acid, ni.p. 102 ° (d(‘(!. 207°) (Barnherger, Djierdjian, Bcr. 
33, 541) is obtaiu(‘(l in th(‘ form of its amide, m.p. 170°, together with pyrrole, 
by heating aniinoniuin ninr;ite. Ohloride, m.p. 110 °; hydrazide, m.p. 2 »? 2 °; 
azide, C 4 H 3 NH-(’ONa, converted to 2 -pyrrol(‘carbami(^ acid ethyl ester, 
(ChHsNlUNH •CO,(y fj., m.p. 50°, by boiling with alcohol. 

/NChH3\ 

Pyrocoll, CO<' ni.p. 208°, is produced in the distillation of glue, 

^CJ-LN/ 

and is prepared by warming 2 -pyrrolecarboxylic acid with acetic anhydride. 

3- Pyrrolecarboxylic acid, m.p. 102 °, is prepared by treating the potassium salt 
of pyrrole with CO 2 at 200 ° or pyrrylmagnesium bromide with CO 2 at 250°, or by 
fusing 3-methylpyrrole with potassium hydroxide. 

2.5- Pyrroledicarboxylic acid turns black at 200°. 

2-Methylpyrrole-3-carboxylic acid, m.p. 109°. 4-Methylpyrrole-3-carboxylic 
acid, m.p. 149°. 4,5-Dimethylpyrrole-3-carboxylic acid, m,]). 18S°, from the 
dicarboxylic acid by decarboxylation. 2,5-Dimethylpyrrole-.3,4-dicarboxylic acid, 
in .p. 250 °; its diethyl esb'r is formed by the action of ammonia on dia(;(4yisuccinic 
acid ester. 2,4-Dimethylpyrrole-3-carboxylic acid, m.p. 183° {Piloty, llirsch, 
Ann. 395, 70), and 3 , 5 -dimethylpyrrole- 2 -carbo 3 ^ 1 ic acid, m.p. 136° (Fischer, 
Weiss, Schubert, Bcr. 56, 1199), both from 3,5-dimethylpyrrolo-2,4-dicarboxylic 
acid ester, m.p. 130° (Knorr, Hess, Ber. 45, 2029). 3,5-Dimethyl-4-vinylpyr- 
role-2-carboxylic acid, m.p. 102° (Fischer, Walaeh, Ber. 58, 2821). 

(b) Carboxylic acids with the exirboxyl group in the side-chain. 

3.5- Dicarboxy-2,4-pyrrolediacetic acid, m.i). 220° (dec.), from the tetraethyl 
ester, m.p. 113° (Feist, Ber. 35, 1557). 

Several acids of this typ(\ having a propionic acid n'siduc' in the 3-position, are 
cleavage products of (he l)lood, bile, and plant pigments (p. 41 and Vol. I, p. 751). 
The following four acids, which arc carboxylic acid derivatives of the homolo¬ 
gous pyrroles d(^scrib(Hl on p. 32, have been so obtaincid: 
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Opsopyrrolecarboxylic acid 

Hemopyrrolecarboxylic acid 

A-Methyls-pyrrolepropionic acid, m.p. 
110° (Bergmann, et aL, Ann. 450, 144). 
Prep, from cryptopyrrolecarboxylic 
acid: Fischer, Lamatsch, Ann. 462,240. 

4,5- Dimethyl -3 -pyrrolcprop i on ic acid, 
m.p. 130°; picrate m.p. 163° (Piloiy, 
Ann. 366, 237; Piloiy, ct aL, Ann. 406, 
342). Synthesis: Fischer, Treibs, 
Ber. 60, 379; Fischer, Lamatsch, Ann. 
462, 248. 
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Cryptopyrrolecarboxylic acid 

Phyllopyrrolecarboxylic acid 

2 ,4 -Dimethyl -3 -pyrrolepropionic acid, 
m.p. 141°; picrate, m.p. 156° (Piloiy, 
Thannhauser, Ann. 390, 191; Fischer, 
Rose, Ber. 47, 792), Synthesis: 
Fischer, Weiss, Ber. 57, 602. 

2,4,5- TrimethylS-pyrrolcpropionic acid, 
m.p. 88 °; picrate, m.p. 124° (Piloiy, 
Dormann, Ber, 46, 1007). Synthesis: 
Fischer, Nenitzescu, Ann. 439, 175. 
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Xanthopyrrolecarboxylic acid, 2~dh!/l-\-mHhyl-H-pi/rrol('propi(mic acid, rn.p. 
126”, had ncf'.u assuiiUMl lor soirn^ tiiiu; to a, of blood pigment 

{Piioiy, Stock, Doctnann, Atm. 406, d43); more recent experimental results dis¬ 
prove this. SyntlM‘sis; Fischer, Klarcr, Aim. 447, 62. 


Compounds Containing Pyrrole Rings Joined by ^CH2 or -^CH 

Compoumis of t his (dass hav(^ a special significance Ixicause of their relation to 
blood pignuait. TTemin, the pigment (component obtained from hemoglobin with 
glacial atretic acid-liydrochloric acid, decompostts on total nKluctive d(3gradation 
into basic and acid pyrroh) fragments, whose sum always indi(!ates the presence 
of four pyrrole nuclei in the hemin molecule (p. 33, and Vol. I, p. 750). The 
presence of a methyl group in the 2-]K)sition in most of the pyrrole fnigments sug¬ 
gested tliat a linkage of this type^: 
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held the i)yrrole nucha t.og(3ther in the lajinin molecuhi. This conception, to¬ 
gether with the analytical results and the oxidative^ degradation (hematini(^ acid, 
Vol. I, j). 750), led to th(3 first formulation of a structure for hernin \Kuster, Ihir. 
deut.pharrn.Ges. 21 (1912), 513). 


This linkjige wns vcMifuitl exiioriimuitajly liy tlio isolation of hili- 
ruhic acid from bile ()igm(*nt, whicli is elosoly relattMl to blood pigment, 
simtiltajicoiisly by //. FUchcr and Hose *(Z.physiol.Chom. 89, 256; 
Ber. 45, 158i) a,nd Iiy Piloiy and Thanrihauscr (Arm. 390, 191). 
Bilirubio acid was jtroved by Fischer to be a dipyrrylmotliane deriva- 
tive with this formula: 
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The dipyrrylinetllanes (mothylenedipyrroles) and their dehydro¬ 
genation products, the dipyrrylmethenes (pyrrylrnethylenepyrro- 
lenines) have therefore been the subject of many investigations. 

Preparation. —Tlie dipyrrylmiithanos were first synthesized by the condensa¬ 
tion of benzaldehyd(3 with pyrrohw having a free methine group in the presence of 
potassium bisulfatn {Feist, Ber. 35, 1647); later they were obtained from formal¬ 
dehyde, pyrroles, and alcoholic hydrochloric acid {Colacicchi, Atti accad.Lincoi 
[5] 20, II, 312; Fischer, Bartholomam, Z.physiol.Chem. 83,^50). 2-Pyrryl- 
methanols readily split off foimaldehydo to form dipyrrylmethanes {Fischer, 
Nenitzescu, Ann. 443, 113). A similar reaction converts 2-bromomethylpyrroles 
to dipyrrylmethanes {Fischer, Walach, Ann. 450, 111). 

Properties. —The colorless dipyrrylmethanes are split at the methane linkage by 
Hl-glacial acetic acid, the methyl group being left at the 2-positiQn of one pyrrole 
nucleus and a hydrogen at the 2-position of the other: 




DIPYRRYLMETHANE. DIPYRRYLMETHENE 
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For the conversion into dipyrrylinetivoru's with oxidizing agents, see Mow. 

3,5,3 ',5'-Tetramethyl-2,2'-pyrromethane, 2,2 '-methylene-bis-(3,5-dimethyipyr- 
role), m.p. 140° {Fincher, Bartholomdvs, Z.physiol.(^hem. 83, 51). 

4,4 '-Dimethyl-5,5'-dicarboxy-2,2'-pyrromethane-3,3 '-dipropionic acid, m.]). 
176° (dec.) {Fischerj Andersag, Ann. 450, 217). 

3,3'-Dimethyl-4,4'-diethyl-5,5'-dicarboxy-2,2'-pyrromethane, m.p. 211°. 

3,5,3',5'-Tetramethyl-2,2'-pyrromethane-4,4'-dicarboxylic acid diethyl ester, 
m.p. 223° {Fischer, Rose, B(t. 47, 792). 

3,5,3 ',5'-Tetramethyl-2,2'-p3rrro-phenylmethane-4,4 '-dicarboxylic acid diethyl 
ester, m.p. 188° {Feist, Ber. 35, 1653). 

Bilirubic acid, m.p. 187° (formula shown on p. 38), is formed when bilirubin 
is split in two by the action of HI-glacial acetic acid. On oxidation it is con¬ 
verted to methyl(ithylmal(nmidc and hematinic acid {Knorr, Hess, Ber. 45, 1579). 
Milder oxidation gives tlu; yellow xanthobiliiubic acid, m.p. 274° {Fischer, 
Hose, Ber. 46, 440), which can also be obtained tlirectly from mesobilirubinogen 
(Vol. I, p. 753) by treaimt'iit. with potassium methylate {Fischer, Rose, Z.physiol. 
Chem. 89,260). The xanUiobilimbic acid is conv(Tted back to bilirubic acid 
by sodium amalgam. Veay energetic treatment with glacial acetic acid and 
potassium iodide splits bilirubic acid into cryptopyrrolci and cryptopyrrole- 
carboxylic acid {Fischer, Rose, Ber. 45, 3274). Hijating with potassium methylato 
removes only the acid compoiaait, as phyllopyrroJectarboxylic acid {P^ischer, 
Rose, Z.physiol.C4iem. 89, 260). 

Neobilirubic acid, m.]). 187°, is ol)tained, together with bilirubic acid, by 
treatment of mosc)bilirui)iu with HJ-glacial acetic acid, and also from neoxan- 
thobilirubio acid by redmd/ion with sodium amalgam. Its formula is the same 
as that of bilirubic acid, but with the 2-methyi grouj) replaced by a free lOH- 
group. Its constitution is shown by t.he formation of hemoj)yrrolecarboxylic acid 
(p. 37) oil r<.‘ductiv(^ degradation with hytlrogen iodide. Mild oxidation wutli 
potassium nrudliylate givt^s neoxanthobilirubic acid, m.p. 227°, which is also 
obtained by tlu^ fusion of mesobilirubin with resorcinol. Mesobilirubin (Vol. I, 
p, 753) can be synthesized by the condensation of this acid with formaldehyde: 
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Mesol>ilirubin 
(R - CHj.CHj OOOH) 

These reactions also tUtomiiU! the fundamental structure of bilirubin (bile 
pigment), the important regenerative component of blood pigment; its constitu¬ 
tion has been further verified by partial synthesis {Fischer, Hess, Z.physiol.Chem. 
194, 193). 

DIPYRRYLMETHENES, pyrrylmethylmepyrroknines, contain two pyrrole 
nuclei joined by a imdhine 1 inkage^ usually in the 2-[)ositions. They are prepared: 
(i) By mild oxidation (ferric chloride) of dipyrrylrnothanes in atdd solution 
(Piloty, Krannich, Will, Ber. 47, 2544). {2) From two mols of pyrrolecarboxal- 

dehyde by splitting off of formic acid {Fischer, Zerweek, Ber. 55, i942); 
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T}i(‘. [)ro(lu(;tioii of dipyrrylint't.lKMU'M from ])yiTolnca.r})oxaUlohy(Ios and trisub- 
sfilulod f)yn‘ol(^s or ])yrrol(M%‘irhoxyli(‘ acids, such as cryplo- or heinopyrroh;- 
carljoxylic acid, is particiihiriy inijmrt.a.nt.. For tlu‘ pr(‘paration of iiiisyinTiU'lrical 
]n(M lu'iK's, s(H' Fif^rhcr, Sr/mbcrl, Bor. 56, 1204. (./) By din'd- cond(aisat.ion 

of t-risuhsti1u1(‘d pyrrole's with (■once'ntrjil-cd formic acid and 4S% TTBr; this red¬ 
action is also possible with te'trasnbstitute'd pyrroles if the 2-position is occupied 
by —(K)OTf or -“CO()(^ 2 ^l 5 Friedrich, Lamalsch, Morgenroth, Ann. 466, 

105). (I) By the action of (;xc(dss bi’omined ejn cf_'rtain 2-iiiethylpyrrok)s, suedi as 

cryptf)pyrrole. 

Tiled hijy;hly edeileiredd <li[)yrrylrri(‘th('neds fe)rm -salts with minedral aciel-s, and char- 
actedrist-ied cotnpli'x salt-s with iron, cof>p(dr, ina^ne*sium, eitc. {Fincher, Schubert, 
Ber. 56, 1205; Fischer, Amniann, Beu*. 56, 2024). 

3,0 '-Diethy 1-4,4',5,5'-tetramethyl-2,2'-pyrromethene, 2-(4,5-ei/we’j5%/-3-e.'/7?,///- 
2'-pyrryIm,ethylene)~4,F^>~dimethyl-S-ethylpyrrolcjdrtc), m.]). 108” {Filoty, Stock, 
Dormann, Be'r. 47, 100; Fischer, Schubert, Bi*r. 57, 611). 3,3',5,5'-Tetramethyl- 
2,2'-pyrromethene, m.p. 117° {Fischer, IFcns-s’, Schubert, Ber. 56, 1199). 4,4'- 

Dicarbethoxy-3,3',5,5'-tetramethyl-2,2'-pyrromethene, red nt'cdles, m.p. 190® 
{Fischer, Zerweek, Bor. 56, 526). 4,4'-Diethyl-3,3',5,5'-tetramethyl-2,2'-pyrro¬ 
methene, pcdredhlorated, reel lu'cddk's, eie'ed. 240° (Fischer, Schubert, Bor. 56, 1210). 

TRIPYRJRYLMETHANES {nicthylidynctripyrroles) are* j)roduc(dd by thid aedtion 
of chloroform and KOH on trisubst-ituted pyrroleds {Fischer, Anirnann, lier. 56, 
2319). A bedtlcr rrudthod is the (dondeiu-ation e)f trisubstitute.d pyrndeds with 
pyi're)l(d aldedhyekds in t-hcd ])rfdsence of [)e)tassiuTn bisulfat-e' {Fischer, Ammann, Ber. 
56, 2319; Fischer, Heyse, Auti. 439, 246). 

Tlicd tripyrrylmelhanes and edok)rl(dss. TIu'V an* split by eone'edntrfited hydrej- 
(dhk)ric aciel into elipyrrylmedtha-ju's anel trisubstitut-e'd ])yin)les. 

5,5',5"-Methylidynetris-l 3-acetyl-2,1 -dimethylpyrrole], trisi' t-acotyI-3,5-di- 
methvl-2-pyrryl;methane, c-e)lorledss prisms, m.p. 265° {Fischer, Arnnumn, Ber. 
56, 2325). 

5,5',5''-Methylidynetris-|2,4-dimethyl-3-pyrrolecarboxylic acid] triethyl ester, 
tris('l-carbethoxy-3,5-dimethyl-2-pyrryl)methane, m.]). 194°. 

(Joinpounds containing: four pyrroh' nucUji and of particular interest, siiude he- 
nun is of tliis typed. The following; diagrams indicat.(d sch(‘ma(.ically four possibkd 
structures for such compounds, in which t-he nuclei are always joined at the 2- 
position: 



1. Tetrapyrrylmethano type 


II. Linear chain of four pyrroles 
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Ill. Tetrapyrryloihano typo 



TV. Type IT closed to a rin^^ 


No t,<'(raf)yrrylmethanos ar(‘ yet known. A rom}x>un(l of type T1 has bocm re¬ 
ported l)y Fischer and Fchcycr (Ann. 434, 237), and is also ])r(jsent in mesohili- 
ruhin (p. 39). 

The tetrapyrrylethane strnct\ire is of K^'oater significance than tlie first two, 
since it has beiiii assumed to be the skididon for (‘lioporphyrin by Willsfdtter 
(1913) (see Untersuchungen uber Chlorophyll, p. 39, and lh;r. 56, 2380), and for the 
blood and bile pigments by II. Fischer (Z.physiol.(3i('m. 89, 261, 263). The 
correctness of these assumptions was tested by synth('.sis of this type of tet.ra- 
pyrrylethanes and -tdiiyleiK^s. 

Preparation. —Tetrapyrrylethanes are oVitained by the njaction of trisubstltuted 
pyrroles with glyoxal or glyoxal sulfate (Vol. 1, p. 398) in the presence of de¬ 
hydrating agents {Fischer, Eisnioyer, Her. 47, 2019; Fischer, Schubert, Her. 56, 
2379; Fischer, Beller, Ann. 444, 238). 

If the formulas proposed by Willstdttcr and l)y Fischer for tlui physiologically im¬ 
portant pigments vv(^re corn^ct, then thidr leiico diirivativiis should resemble the 
synthesized tetrajiyrryUd-hanes. l'h(‘y do not. Attempt,s to dehydrogenate tetra- 
pyrrylethanes in acid solution often cause fracture of th(' molecule to dipyrryl- 
methenes ,(Ffsc/ier, Schubert, IhT. 56, 2379). Ill-glacial acetic acid also breaks 
the ethane linkage, with formation of monocyclic pyrroles. Only in a few cases 
docs dehydrogcaiation remove tw^o hydrogen atoms from the ethane bridge to 
leave yellow tetrapyrr.ylethyl(aies (Fischer, Beller, Ann. 444, 238). 

Tetrakis-(3-carbethoxy-2,4-dimethyl-5-pyrryl)-ethane, colorless platelets, m.p. 
282°. 

The fourth type of structure shown above has been proposed by Kiister 
[H(‘,r.deut.pharm.Ges. 21 (1912), 513] as the formula for hernia. In the follow¬ 
ing fonnula, R - - CIH-CIH'GOOH. 





Ilemin (according to Kiister, but with the substituents correctly placed) 


This fonnula is essentially a cyclic pyrrole complex with methine bridges 
between the 2-carbon atoms. It takes into account tfie results obtained by anal¬ 
ysis and by oxidative and reductive degradation of hemin. 
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Subsequcni invostigation of tfio structure! of tlic blood pigraont has shown that 
Kiistcr'!^ formula is basically corn^ct. A conclusive proof, as in many other cases, 
can be obtained only by synthesis. As a foundation for such a synthesis, a broad 
development, of the chemistry of simple pyrroles was necessary; this was provided 
in tl)(‘ work of H. Fischer^ particularly in ttu' .synthesis of the acid comy)onent.s of 
the blood pigment. 

Elimination of iron from hemin leavtvs uK'tal-frcM^ compounds, which are called 
porphyrins {irofupvp purple), Hy nanoval of the sid(^-chains the tetracyclic 
parent compound, porphiue, is obtained (see Vol. I, p. 751). 



PorphjTins are pr(;pared from this f)ar(!nt compound by the introduction of 
substituents in the /3-position.s, which are numbered from 1 to 8. Alkyl groups 
in these positions give basic porphyrins, and alternate alkyl and propionic acid 
or methylmalonic acid groups give acid porphyrins. Some porphyrins contain 
free methine groups (douteroporphyrins). Hemins are obtained by introducing 
iron into porphyrins', and phyllins, by introducing magnesium. It is apparent 
from the formula of the porphino nucleus that there an^ four isomers possible for 
a totramethyltelraethylporphyrin (an etioporphyrin), if each ring is substituted 
by one methyl and one ethyl group: 


Etioporphyrin I: l,3,5,7-tetramethyl-2,4,6,8-tetraethylporphine 
‘‘ II: 1,4,5,8- “ -2,3,0,7- 

“ Til: 1,3,5,8- “ -2,4,0,7- 

TV: 1,4,0,7- “ -2,3,5,8- 

The same numbers can be used for the four isomers of coproporphyrin, with 
**tetrakis-(/3-carboxyethyl)in place of “tetraethyltwo of these isomers (I 
and HI) have been isolated from the urine of patients suffering from porphyria. 

An added proof for the correctness of tlie porphine formula is the existence of 
all the isomers predicted by it, wdiich have been made accessible by the synthetic 
work of H, Fischer. 


Synthesis of Porphine Derivatives 

Syntheses of porphine derivatives usually start from bicyclic dipyrrylmethanes 
or -methenes. Of the numerous methods w’hich have been used only those having 
the widest application will be given here. 

1. Etioporphyrin I (see above) was first prepared by the action of concen¬ 
trated sulfuric acid on 2 mols of brominated cryptopyrrylmethene, 2-(3-ethyl-4- 
methyl-5-bromo-2-pyrrylmethylene)-3,5-dimethyl-4-cthylpyrrolenine {Fischer, 
Klarer, Ann. 448, 178): 
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Other porphyrins can bo obtained by using various rnethon^^s in this reaction. 

2. The formation of (‘tioporphyrin I by the condensation of opsopyrrolc (4- 
ethyl-3-methylpyrrole), formaldehyde and formic acid is a ch'ar-cut synthesis 
{Fischerf Andersag, Ann. 450, 204; Fischer, Ilalhig, Walach, Ann. 452, 268): 
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3» A porphynn synthesis of wide applicability consists in fusing in succinic 
acid a dipyrrylmethene having two bromine atoms substituted on the nucleus 
with a dipyrrylmotluine bromiiiated in a methyl group. For etioporphyrin II 
the reaction is this: 
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Hemin is dorivc'd from n (‘om])ound similar to etiojmrphyrin III, formulated 
on p. 42, hut with the ethyl i»;roups in the 2- and 4-posilions replaced by vinyl 
groups. lOlimination of the iron in hemin leaves the corresponding protopor- 
pliyriu: 2,4-divinyl-1,d,5,<S-tetramethylporphine-G,7-dipropioriic a(4d. The 
direct synthesis of porphyrins having unsaturated sidt^-chains has not Ix^en accom¬ 
plished up to the present; tiim;. Hovvev(‘.r, it is possible to synthesize porphyrins 
containing free methim^ groups, for example, in positions 2 and 4 of tlu‘ porjdiine 
nucleus; these ar(.‘ t.enmHl deutrroporphyrins. The deuteroporphyrin corre¬ 
sponding to etioporphyrin III, wliich has been synthesized {Fischer, Kirstahler, 
Ann. 466, 183), can l)e converted to protoporph^^rin by intermediate formation 
of 2,4-diacetyldeiit;eroporphyrin. 

The complete syritlu^sis of protoporphyrin and of hemin follows tliis course 
{Fischer, N. 1929, 610; Fischer, Zeile, Ann. 468, 114): 
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5-Carbethoxy-2 j4-di met hyl-3- 
pyrrolepropionic acid 


2-Broinomelhyl derivative 
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5,5'-Dicarbeth<)xy-4,4'-diiJiethyl-2,2''pyrroiuelhurie-3,3'-dipropionic acid 
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Free tetraoar boxy lie acid 
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Deuteroporphyrin 

(Contains 2 free metlune groups in the 2- and 
4-posili()n8) 


The two vinyl groups are introduced into positions 2 and 4 in tliis way: 
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Diacety 1 deu teroi)orpl lyrin 


Reduction with potassium and alcohol gives: 



Hematoporphyrin 

(R = --CH 2 -CH 2 -COOIT) 



Protoporphyrin (introduction of iron- > hemin) 

(CHrCHj- > C2Hfi, mesoporphyrin) 
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CHLOROPHYLL. Tho principal facts concorning this pi^ntmt of all gro.cn 
plants have Ixuai given in Vol. 1, p. 5r>2. Intensivti invt^stigaiion of the constitu¬ 
tion of (chlorophyll has clarificcl the constitution of 8CV(:M-al of the degradation 
products. For example, pliyt.ol (Vol. I, p. 152) has been synthesiz(‘d {Fischer, 
Ldwenberg, Ann. 475, IKl). The inohccular formulas of phytochlorine e (chlorine 
Ofi) and phyt-orhodi?i(^ g have bexm corncctcd t.o ()3.'.Fl4n07N4 and C.irJT3HO«N4, ro- 
spccctively, from the earlier ones C34H36O6N4 and Os.iH3407N4 {Freihs, Wiedemann, 
Ann. 466, 204). 


The most importiint tulvances in clarifying the constitution of 
chlorophyll concern the porphyrins formed by alkaline degradation of 
phytochlorine e and })hytorhodine g. On heating with KOPl in 
methyl alcohol, these first form dicarboxylic acids, verdoporphyrin 
and rhodoporphyririy C 32 H 34 O 4 N 4 ; then monocarboxylic acids, phyllo- 
porphyrin and pyrroporphyrin^ (,- 3 in 3402 N 4 . Phylloporphyrin is con¬ 
verted into pyrroporpiiyrin, which is the most stable porpliyrin under 
the conditions of alkaline dc^gradation. 

Phyllo- and pyrro])or{)hyrin, which are monocarboxylic acids, can 
be decarboxylated to phylloetioporphyrin, C 30 H 34 N 4 , and pyiTO- 
etioporphyrin, C 3 oPl 34 N 4 , res[)ectively; the products are acid-fret; 
elementary porphyrins of the chloroph^dl series. The earlier con¬ 
clusion, that etioporplyyrin from plant pigment has the same empiiical 
formula as that from blood pigment, has not been verified subse¬ 
quently. Etioporphyrin from blood pigment, C 32 H 38 N 4 , and etio- 
porphyrin from chlorophyll, C30H34N4, differ by C2H4, whi(;h cor¬ 
responds to the 1 ‘emoval of a free methine group in a 2 -position. 

The arrangement of the side-chains in the porphyrins derived from 
chlorophyll has been determined by synthesis (synthesis of rhodo- 
and })yrrv>porphyrin: Fischer, Berg^ Schormuller, Ann. 480, IPi; for 
the synthesis of the porphine nucleus, see p. 42): 
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CH 
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II 


_„CH- 




11 

■N. 


\ 

CH 


XJ™. 


IJ3C'^-=-'C,Il4(100] I lll' 

Pyrropor})hyriu: O.31H34O2N4 

2,4-Diethyl-l,3,5,8-tetrametliylp(3rphine-7-propionit; add 
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■N- 


CH 
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H,C'- 


CH- 

C2H4COOH HOOC! 


JI 


Cll 


i'CHa 


Rhodoporphyrin: C 32 H 34 O 4 N 4 

(>-Garboxy-2,4-diethyl-l,3,5,8-tetramethylporphine-7-propioiiic acid^ 
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Pyrroetioporphyrin, C 30 H 34 N 4 , is formed from pyrroporphyiin by 
decarboxylation, the propionic acid group being converted into an 
ethyl group. 

These results show that the blood pigment porphyrins and the 
chloropliyll por})hyrins have the same sequence of substituents in the 
/^-positions, as well as the same porphine nucleus (see p. 42). Both 
classes of poiphyrins are related to etioporphyrin III (see p. 42). 

HYDROPYRROLES. Reduction of pyrrole and homologous 
pyrroles with zinc dust and acetic acid or mineral acids (Knorr^ 
Rabe, Ber. 34, 3491; Ciamician^ Ber. 34, 3952), or by electrolysis in 
slightly acid solution (Ger. Pat. 127086, 1901), gives dihydropyrroles 
(pyrroliiies). Two more hydrogen atoms are added through the action 
of HI and phosphorus, yielding tetrahydropyrroles (pyrrolidines), 
which are also obtained directly by reduction of pyrroles with hydro¬ 
gen over finely divided nickel at iOO^ {PutocMn^ Ber. 55, 2742), and 
with h^alrogen and platinum black in acetic acid solution {Will- 
sidUcTj Halt, Ber. 45, 1477; Hcss^ Ber. 46, 3120). The addition of 
hydrogen changes the nature of p 3 UTole considerably. While pyrrole 
is a very weak base, the pyrrolines and pyrrolidines behave like the 
strongly basic secondar}^ amines of the aliphatic series. 

In the transibon from pyrroles to pyrrolines, the addition of hydrogen probably 
takes pUtce in tlie 1,4-po8ition.s, as in other (unnpounds with conjugated double 
bonds (Vol. I, p. 28), with the formation of 2Jy'^iihydropxjrrole (3-pyrrolineb 

2 -PYRROLINES, 4^5-dihydropyrroles, are syiitii(‘sized from tne unstable 7 - 
amino ketones or from 7 -bromo ketones and ainrnonis or primary amines: 


CH2—(dIsBr 

(*;ir2~cocH, 


Nil, 


Cllir-('II 2 


> 


Nil 


Another method of synthesizing this ring consists in reacting 7 -chlorobutyro- 
nitrile with Grignard compounds: 

(4. CTb• Clb. Cll 2 • CN + It • MgCl -^ Cl• CH 2 • CH 2 • CII 2 • C: (NMgCI) • R (I) 

(^2 (Tb 

-> I >NIIHC1 

CH---CR 


The ketimino diiHvativc (I) first formed sonudimes rearranges to a pyrroline hy¬ 
drochloride {Lipp, JSeeles, Ber. 62, 2456). 

The 2-pyrrolines differ from the 3-pyiTolines, obtained by reduction of pyrroles, 
in that they resinify in air and are reduced by tin and hydrochloric acid to pyrrol¬ 
idines. Treatment with benzoyl chloride and aqueous sodium hydroxide splits 
the 4,5-dfihydropyiToles to 7 -benzoylamino ketones; this conversion is particu¬ 
larly smooth with N -aryl- 2 -pyrrolines, which are usually stable only in the form 
of their salts {Markwalder, J.pr. 75, 329). 

CH—CHzv 

3-VYKROU'NE, 2,ry-4ihydropyrrolc, | >NH, b.p. 91(748 mm.), 

CII—CH2/ . 

is a Water-soluble secondary base with an ammoniacal odor, which forms stable 
salts with acids (hydrochloride, m.p. 173°), absorbs CO 2 from the air, reacts 
with nitrous acid to form a nitrosamine, CJRN 'NO, m.p. 38°, and with methyl 
iodide to form a dimethylpyrrohnium iodide, C 4 HftN(CH 8 ) 2 l, etc. l-Methyl- 
pyrroline, C 4 H 6 N*CHs, b.p. 80°, is prepared by reduction of 1-methylpyrroie; 
It occurs in small amount among the tobacco alkaloids {Pictet, Court, Ber. 40, 
3775). 2,5-DimethylpyTroline, (c;Hs) 2 C 4 H 4 :NH, b.p. 106°, 2,3~dimethyl- 
pyrroline, b.p. 121^, 1,2,5-trimethyIpyrroline, (CH3)2C4H4:N(CH3), b.p. 105- 
120°, from the corresponding pyrroles. 
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CH—C(CH 3 ) 2 \ 

2,2,5,5-Tetramethylpyrroline, || >NH, b.p. 114-116°, is formed 

CH—C^(CTT3)2'^ 

in Uio distillation of tetramethylpyrroline-3-carbo:^lic acid, in.p. 300° Its 
amide, m.p. 180°is prepared by the reaction of 3,5-dibrorno-2,2,6,^)-tetranletbyl- 
4-f)ip('ri(jone with ammonia, analogous to the rearrangement of naphthalenes to 
indenes {Pauly^ Ann. 322, 77; Pauly, Schaum, Bor. 34, 2287; Pauly, HiiUm- 
schmidt, Ber. 36, 3371): 


CX) 


XlIlBr -(XCITs) 
XBlBr-CXCJHa) 



nh 3 Tl2N00-0--0(Cir3)2v 


HC-C(Cll3)-/ 


Ci\^-C{c:u,\ 

2-Methyl-2-pyrroline, 1 >NH, b.p. 45° (100 mm.), is synthesized 

0112 -Clh/ 

from 7 -aininopropyl nu^byl ketone or from 7 -bromopro{) 3 d methyl ketone, 
Br 01 l 2 -(Xl 2 - 0 H 2 *C 0 (Xl 3 , and alcfiholii; ammonia; it resinifies in air, and is 
reduced by Sn and 1101 to methyl pyrrolidine {Gabriel, Ber. 42, 1241). 
(tH-::0(Ojl5)v 

2-Phenyl-2-pyrroline, | /Nil, rn.p. 45°, b.p. 249°, b.p. 118° 

Oils-OHo/ 

(11 mm.), is formed by the removal of a water molecule from the unstable 7 - 
aminobutyrophenone {Gabriel, Colmaii, Ber. 41, 518), or according to the equa¬ 
tion on p. 47 {Lipp, Series, Ber. 62, 2456). 

2-Chloropyrrolme, ChHsC^iNri, m.j). 51°, is obtained from pyrrolidonc or 
butyrolactam and J’Ob; it resinifies readily (Tafel, Wassmuth, Ber. 40, 2841). 


Oil 2 --CH 2 v 

PYRROLIDINE, tetramethylenimine, | >NH, b.p. 87°, gold salt: 

0 H 2 -GH 2 ^ 

m.p. 206°, and its liomologues have been partially covered in Vol. 1, pp. 386, 598. 
For the ring-synthesis of pyrrolidine, 1,4-dibromobutane is reacted with p- 
loluenesulfonamide {Muller, Sauerwald, Mo. 48, 153), or ^-chlorobutylamine is 
treated with acid-splitting agents (Puiochin, Ber. 55, 2747). Succinimide and it,s 
alkyl derivatives are converUid to pyrrolidin(\s in good yield by the Tafel method 
(Ber. 33, 2209) of (ih^ctrolytic reduction {Spdth, Breusch, Mo. 50, 349). An 
interesting method of preparation depimds on transition of the six-membered 
pip(!ridine ring to th (5 five-membered pyrrolidine ring. Piperidine reacts with 
methyl iodide to form dimethylpiperidiniurn iodide, whos(‘. hydroxide ( 1 ) is 
0 [)ened by distillation to N,^-(iitmlhylA-per>ienylamine (JI); the addition 
firoduct of the latter with hydrogim chloride; (Ill) rearraiig(;s readily to 1 , 1 , 2 - 
triinethylpyrrejlidinium chloride (IV): 


CH2~-CIl2-N(CH3)201I 

C*;H 2 ~CJi 2 Clh 


CH2~~CH2-N(CIJa)2 

CII2—CIIClCHa 
III 


IT 

CII2—CH2- N(CII:,)2 
CII2 - CII—CII2 
CII 


CII2-Cll2\ 

> I >N(Cll 3 ) 2 Cl 

CH 2 ~ €11(0113)^ 


12 ~ €11(0113)" 

IV 


Tliis transformation of permeth^dated piperidine to an unsaturated aliphatic 
amine {Hofmann degradation by exhaustive methylation) is a characteristic 
reaction for completely hydrogenated cyclic bases, llepetition of the operation 
leads to removal of the nitrogen as trimethylamine, leaving a nitrogen-free hydro¬ 
carbon residue. When N,N-dimethylpyrrolidiniiun iodide, prepared from pyrro¬ 
lidine and methyl iodide, is distilled wnth KOH, N,N-dimethyl-3-butenylamine is 
formed; the methyl iodide addition product of the latter is decomposed by dis¬ 
tillation with KOH into trimethylamine and an imsaturated hydrocarbon, 1,3- 
butadiene, the so-called pyrrolylene. In the same way 2 -methyl-1,3-butadiene, 
or isoprene, is obtained from 3-methylpyrrolidine {Euler, Habilitationsschrift, 
Leipzig, 1897; G. 1898, I, 247). l-Benzoylpyrrolidine, b.p. 191° (12 mm.), is 




HYDROPYRROLES 


49 


converted by PCb or PBrj to 1,4-dichloro- or dibromobutane {Knorr, Schneider^ 
Ber. 39, 1419): 

(CIl2)4N-(X)C^6H5-► (CIIo) 4N-CXX«C6TL-> C1(CIT2)4C1 -f NC-CVKs 


N-Alkylpyrrolidiues, like otlior complotoly liydrogeTialed cyclic haws, are 
split by cyaiiog(ai bromide to cyanamide derivatives {v. Braun, Ber. 44, 1252). 

1 - Methylpyrrolidine, (CH 2 ) 4 NCH 3 , b.p. 79°, is best prepared by catalytic 
bydrogfmation of 1 -mcthylpyrroh'. with platinum oxide -f H 2 {Wibaut, Rec. 44, 
lioi) or with Pd and H 2 at 160° {Zelinsky, Jarjeu), Ber. 62, 2589); it can also 
be obtained from N-methylbutylamine, C-il«'CH 2 -Cli 2 Xdl 2 Ni-KUl 3 , by bromi- 
nation v^ ith sodium hypobromif e, followed by removal of II Br with concentrated 
sulfuric acid (Ldjfler, Freylag, Ber. 42, 3427; Loffler, Ber. 43, 2035). It is 
fomuKl in the cleava^(^ of llie alkaloid nicotine, 1-methyl-2-(3-pyridyl)-pyrroli¬ 
dine, with silver oxide; (Pictet, B(;r. 38, 1951), and by h(;ating hygrinic acid (see 
below). 

2- Methylpyrrolidine, b.p. 95°, f)r(‘pared from 'y-amiiiovaha-olactam by r(;duc- 
tioii with sodium and amyl alcohol, or from 2-n)et}iylpyrroline (page 48) with 
tin and hydro(;hloric acid, is conv(‘rt(;d to 2 -niethylpyrrole by heating with zinc 
dust. 3-MethylpyrroUdine, picratf' m.p. 106° (Spaih, Prokopj), Ber. 57, 474). 
2-Ethylpyrrolidine, b.p. 122° (744 mm.), picrat.e, m.p. 85°, is formed by the 
intramolecular reari'ang(;ment of h(;xamethylen(;diamine hydroddoride on h(;ating 
(Muller, ]Vachs, Mo. 53/54, 420). 

2 , 4 -Dimethylp 5 ^rrolidine, b.p. 115 117°. 1 ,2,2-Trimethylpyrrolidine, b.p. 

109-113° (Knorr, liahe, Ber. 34, 3498). 3-Phenylpyrrolidine, b.p. 122° (12 
mm.), picrate, m.p. 166°. 3,4-Diphenylpyrrolidine, b.p. 200 ° (14 mm.) (Spath, 
Brcusch, Mo. 50, 349). 

CH2—ClI(COOH)v 

PROLINE, 2-pyrrolidinecarboxyIic acid, | /Nil, (//-form, 

CJh -CH2/ 

m.p. 205° (anhydrous), picrate m.p. 135°, ethyl (;ster b.p. 80° (13 mm.), is 
present in its levorotatory form, m.p. 215° (anliydrous), [a] d == — 86 . 6 ° (aque¬ 
ous solution), picrate m.p. 152°, among the hydrolytic cl(iavag(‘ firoducts of 
numerous proteins, such as casein and gelatin (Fischer, Ahdcrhaiden, B(;r. 37, 
3071), wlieat gliadin [Town, Biochem.d. 22 (1928), 1083]. Isolation from the 
cleavage products with Rein(;cke-add (Kapfharnnier, Eck, Z.physiol.Ch(;m. 170, 
294), by formation of the benzylidene d(;rivative (Berymann, Zervas, Z.physiol. 
(Jhem. 152, 282), or of l,5-trimethyl(;nehydantoin, m.p. 165° [Dakin, 
Biochem.J. 12 (1918), 290). Uacernic f)roline is synthi‘sized from bromo- 7 - 
broinopropylmalonic ( 3 ster, BrCH 2 (XT 2 (Xf 2 -(/Br((' 02 H) 2 , and ammonia, with 
subsequent saponification by hydroddoric acid or aqueous barium hydroxide 
sedation (Willsidtter, Ettiingcr, Ann. 326, 91), from ^-bromo-a-aminoval(;ric acid 
(the fission product of br(mK)propylphthalimidomaloiiic ester) and from 5-benzoyl- 
amino-rt-brornovaleric acid (Fischer, ZempUn, Ber. 42, 1022 ), or directly from 
aminomalonic ester (Pvtochin, Ber. 56, 2213). The m-nitrobenzoyl derivait ivc; of 
racemic; proline can be resolved into its o[>ticall 3 ^ active components by nuians of 
cinchonine (Fischer, Zemplen, Ber. 42, 2992). l^yrrolidone-2-carboxyli(; a(;id 
(pyrroglutamic acid) is converted to proline by^ reduction of its ester with Na and 
alcohol (Fischer, Boehner, Ber. 44, 1332). A dipejitide, /-N-prolyl-/3-phenyl- 


alanino, NH •CH 2 -CH 2 -CH 2 -CH •C 0 NHCH(G 02 H)CIl 2 C 6 H 6 , is found among 
the hydrolytic cleavage products of gliadin (Fischer, Luniak, Ber. 42, 4752). 
This and several other prolinepeptides have been obtained syntludically. 

1 -Methylpyrrolidine- 2 -carboxylic acid, hygrinic acid, m.p. 169°, is obtain(;d 
by the oxidation of hygrin, the alkaloid found in cocoa leaves. Its synthesis is 
analogous to that of proline, from bromo- 7 -bromopropylmalonic ester and 
methylamine (Willstdtter, EtUinger, Ann. 326, 91). On heating it decomposes 
into CO 2 and 1 -methylpyrrolidine (see above). 

CH2-CH X- 

The methylbetaine of hygrinic acid is stachydrine, | >N(CH 3 ) 2 ^^* 

CIT2— (>H./ 


m.p. 210 ° (anhydrous), which has been isolated from the bulbs of Stachys tuheri- 
fera, from the leaves of Citrus aurqniium (Schulze, Trier, Ber. 42, 4654) and from 
alfalfa [Steenbock, J.Biol.Chem. 35, (1919), 1 ]. 
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l-MethylpyrroUdine-2,5-dicarboxylic acid, m.p. 274° (dec.), from a,a-di- 

bromoa(lif>ic ester with iiKitliylamine {Willstdtter, Lessing, Ber. 35, 2065). 

5 -Carbo^methyl-l-methylpyrrolidine-2-carboxylic acid is identical with the 
tropinic acid resulting from oxidation of tropine and ecgonine {Willstdtter, Ber. 31, 
15.34; Willstdtier, v. Sicherer, Ber. 32, 1290). The conversion of tliis acid to 
pimelit; acid })y nOTOval of the nitrogen by exhaustive methylation and sub¬ 
sequent reduction provides th(^ key to the constitution of the tropane alkaloids 
{Willsidtier, Bode, Her. 33, 414). 

2,2,5,5-Tetramethylpyrrolidine-3-carboxylic acid, 

HOOCOH-~C(CHa) 2 \ 

I >NH 

CH2-C(CHa)2^ 

m.p. 220 ° (dec.); tlie amide of this acid is pn;pared from tetramethylpyrroline- 
carboxylic acid amide bv reduction with sodium amalgam. With KOBr the amide 
yields 3-aininotetrametliylpyrrolidin(i, b.p. 174°, a strong diacid base. 

CH 2 -CH-COOH 

Hydroxyproline, ~\-hydroxypyrrolidine--2-carhoxylic acid, | ^NH 

CHOHCH 2 

m.p. 270°, [ckIi-) = —80.6° (in water), picrate m.p. 188°, was obtained in the 
levorotatory form by t,he hydrolysis of various proteins, first from gelatin {Fischer, 
Ber. 35, 2660) and ]at(^r from casenn and edestin. Isolation from the products of 
hydrolysis: Kapfkammer, Bek, Z.physiol.Chem. 170, 294. Synthesis: Leicchs, 
Brewster, Ber. 46, 986; Lcuehs, Borniann, Ber. 52, 2086; 7'rauhe, Johow, Tepohl, 
Ber. 56, 1861. Since hydroxyproline contains t wo asymmetric carbon atoms, four 
isomers are obtained. The so-called a-cornpound yields on fission a levorotatory 
proline, which is idcailical with natural proliue. 

The lactams of 7 -amino acids, such as butyrolactam, 2-pyrrolidone, 

GH2—C(X 
1 >NII 

CH 2 —0112^^ 


have been doscril)ed in Vol. I (p. 450). The best general method for their 
preparation is the electrolytic reduction of succinimide and its derivatives {Huth, 
Ber. 33, 2209). 

A derivative of 2-oxopyrrolidine or 2-pyrrolidone is 5-carboxymethyl-l-methyl- 
2-pyrrolidone, ecgoninic acid, d^-forin, m.p. 94°, levo4orm, m.p. 117°, which is 
an oxidation product of tropane alkaloids, and also of tropinic acid. 

CH2-~COv 

The imides of the succinic acid series, such as succinimide, [ yNH, 

CH2—CQ/ 

(Vol. f, p. 552), are 2,5-dioxopyrrolidines. 


Condensed Nuclei Containing Furan, Thiophene, and Pyrrole Rings 

Condensed nuclei of this type consist of a furan, thiophene, or 
pyrrole ring sharing two adjat^euit carbon atoms with an aromatic 
ring such as benzene or naphthalene. Either the 2,3- or the 3,4- 
carbons atoms of the heterocyclic ring can be shared: 



Only members of the first class are important, although members of 
the second class have been synthesized .also. 

The following series of condensed nuclei are derived from furan, 
thiophene, and pyrrole: 
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4 4 4 



Benzofuran Hi*nzotl)ioph<*no J’>i'nzoi)yrrolc 

Coumarone Thianaphtluuic Indole 


9 1 



Dibenzofuran 
Diphenylene oxide 


9 1 



Dibenzothiophene 
Diphenylene sulfide 


4 6 



1 NH s 


Dibenzopyrrole 

C’arbazole 


TJie numberings are those given in “The Uing Index/' in udiieli earbazolo is one 
of the few compounds wliose standard numbering is the one fixed by usage, and 
not the one corresponding to the “Proposed International 1 tales for Numbering 
Organic Ring Systems.” 

Condensed nuclei in which two heUd'ocyclic rings participate in the formation of 
one benzene ring are also known. 


5. BENZOFURANS 

The benzofiirans jirci also termed “cournaroiKvs” Ixk'jiusc of tlaur formation 
from derivatives of coumarin (1,2-benzopyrone). Th(\y are prepared: {1) By 
the action of alcoholic KOH on coumarin (libromido or d-bromocoLiiriarin {FUtigy 
Ann. 216, 162): 

|31 or [^1 

X:iK-CBr KOII /<'Hx /(ML 

C,H/ I -*. C'allZ y!-('OOIl->0.11/ >'11 [2] or [a] 

SO-00 M>/ 

3-Broniocouinarin Couinurilic acid Brnzofurau 

Coumarone 


Other coumarins, such as umbelliferoiie, osculetin, and daphnetin, react similarly; 
a-bromo-o-hydroxycinnamic acid and its hornologues are formed as intermediate 
products; they split off HBr to give the benzofiirans. 2-Bcnzoylbcnzofuran, 



is produced by analogous reactions between a,/3-dibromo-/3-o-acctoxypheiiyIpro- 
piophenone (acedyl-o-hydroxybenzylideneacetophenone dibromide) and ITOH 
(t;. Kostaneckiy Tamhory Ber. 29,237), and betwcjen salicylaldehyde, «-bromoaceto- 
phenone and KOH (Rap, Gazz. 25, II, 285). For the preparation of related 
compounds see Tamhor, Gvhler, Helv. 2, 101. 

(^) iS-Chloro- 0 -hydroxystyrene is condensed by KOII to benzofuran: 




cn-=cnci 



(3) o-Formyiphenoxyacetic acid, when wanned with acetic anhydride and 
sodium acetate, forms coumarilic acid (Rossing, Bor. 17, 3000): 

yCRO yClK 

CelK -> Cell/ VhCOOH 

^O-- CH. COOH ^ O-/ 

The acetic acid derivatives of o-hydroxy ketones react in the same way (r. Kos- 
Uxnechi, Tamhor, Ber. 42,901). 

(4) Benzofuran is prepared from phenoxyacctal with zinc chloride in glacial 
acetic acid: 




52 FIVE-MEMBERED RINGS WITH ONE HETERO ATOM 


(’cHv 




/CTTx 

>011 


A lar^G iiiiinber of alkyJiK'uzofuniiiK liavr obtained by the (‘ondcaksation of 
homolo;>;aes of piuaioxyaeet.al and of plie.noxvaeetone, (JolTfO • (dl 2 ( X)(^ll:t, by 
nutans of sulfurii^ aeid (>SVorr///rr, Atm. 312, 2‘.V7). 

(4) A re.aetioii sitmiar to tbo forjnal.ion of eoaniariiis from phenol and nndie 
aeid or acel.oa.eoMc cst.er (VoL 111, p. 171) produe<‘s beir/ofiiraiis from .oodium 
j)lienolat(‘ and o-chloroaeetoaeelit* esO'r {lumtzfichy Jier. 19, 


.11 (X)-(db Ab <dl;i 

{\n/ + I -> (VJbr "('-(XbK 

M)Na (dKdf-fHbH 

‘i-Mptliylcinuii.iiilic iicid I'stor 


Resorcinol and 2 niols of the estt'r form a brnzodifiiran d(‘rivaliv(> pyro^allol 
and 2 mols of Iht^ tjsba*, a benzotrijumn, dta-ivafive, and nafihtliol, a napfiUu)}iiran 
derivaiavt! (p. rifj). Similar to this react ion is the }>roduction of benzofurjuis and 
laenzodifurans fiom quinont'S and chlorinattal qninones, su(‘h a.s tctrachloroquin- 
one, on lusating with act*toacetic ester {Jl:uia, .Kpr. 45, 67; Grache, L(vy, Ann. 
283,245). 

(6*) In tlu* methods givt'ti abov(> it, is tht^ fnran rin^ which is forint'tl; in the 
syritiiesis of G-acetyd-d-hydroxybenzofuran, from |9-2-furfuryIid(melt‘Vulinic acivl 
(jfCc/nxT, Kleberg, Ber, 26, 3 bo), the btmzene ring is (*losed: 


.CTI ('If H0 (dJ -CMo tdl -(^[d] t'(Un)---(dl 

cihf ii I -.(dh.f !| ! 

\o (;-(dl-----('(XXdl2 ■ O - -Cfo] (Ml-(b(T)C'Ih, 


BENZOFURAN, COUMARONE, b.p. 177", picrate rn.p. KKl", is obtained 
by (he distillation of couinarilic acid with limt*, from /[:J-chloro-t>-hyd]‘oxystyT'erie, 
from phenoxyactdal with zinc chloridt* iS/ocrfnrr, Ihs*. 30, 1703) anti from ctial 
tar I irm.st^crhcr, Moehrle, Brtainst-off-Cdiem. 4 (102''), SI], in which several 
mt'lhylbt'nzofnrans arti also found [yl tetetr-s*, limn pc, Jh‘r. 33, 3014; liocs, Aiioth. 
Z. 22 (1907), 177]. 

Benzofuran is readily polymerizetl by acids, part icularly coneenlTattitl sulfuric 
acid atul Sn(d 4 , t,t) paracournaroae, m.p. 108"; the la(tt*r, on distillation, is partly 
depolymerized anti partly decomposed to ])lient)ls. Solvent naphtha, which t*on- 
sists of benzofuran together with some indene derivativt.*s, is ptilymerizetl on a 
(annmtircial scal6 to rournarone resins, which are of use in the preparation of 
paints and varnishes. (Preparation, propertit\s, analysis anti uses of coumarone 
resins: Mareusson, Mitt,]VTatenali^rufungsamt,B('rlin-Lic]iterfelde West 38 

(1921), 69; C. 1921, IV, 1230.] On heating with alctihoiic KOTI at 200° benzt)- 
furan is tlecomposed into e-ethylphciu)!, o-hydroxystyrene, u-hydroxyphenylacetic 
acitl, o diydroxyphenyltdhanol and its anbytlritle which is a. hydrf)g(;nat(Hl bt'n- 
zt)furan (Stoermer, Kahlert, Bta*. 34, 1806; 35, 1630). 

For s])ectroscoj>ic data on benzofurans, seet^. Auwers, Ann. 408, 260; 422, 133. 
For tlie reaction with halogtms, stu) page 53. 

A series of benztifurans alkylated in tulher the benzene tir tin* furari ring, or 
both, are synthesized by the methods describetl above: 2-methylbenzoftiran, 
b.p. 197°, from a-phent)xyprof>ionacctal, 3-methylbenzofuran, b.p. 193°, fnun 
phenoxyactitfmo or methylctmmarilic acid. Of the 15 possible, tlimtdhylbenzo- 
furans, 11 are known: 2,3-Dimethylbenzofuran, b.p. 210°, from tlimelhylcoii- 
marilic acid. 2,5-Dimethylbenzofuran, b.p. 220°. 2,7-Dimethylbenzofuran, 
b.p. 215° (749 mm.). 2,3,5-Trimethyibenzofuran, b.p. 100° (10 mm.), and 
other alkylbenzofurans, see v. Auwers, Ann. 422, 133. 

2-Phenylbenzofuran, m.p. 121°, from the sotlinm salt, of salicylaldtdiydc and 
phenylchloroacetic acid (c/. Mt'thod 1, p. 51, and Stoerjner, 36, 3979). 
3-Phenylbenzofuran, two modifications, m.p. 13° and 42°, b.p. 163° (9 mm.), 
from o-hydroxydiphenylethylenc (Vol. Ill, p. 553) by treatnitmt of its dibromide 
with Na alcoholate (Stoermer, Kippe, Ber. 36, 4004). Both phenylbenzofurans 
can also be prepartid from o-hydroxydiphenylacetic acid lactone (Vol. Ill, p. 
556) by heating with PBrs (Sloermer, Kippe, Ber. 36, 4(X)6). 2,3*Diphcnyl- 
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benzofurans, such as 2,3-diphenyl-4-methyl-7-isopropylbenzofuran, m.p. 116°, 
are obtained by condensation of phenols and )>enzoin in tlie presence of sulfuric 
acid [Jappj Meldruni, Procdtoy.8oc. 15 (ISbP), 167]: 


f (Ijll (OIOCdK^cIU 

(Cll3)(C^3ll7)(^6HJ 4- I 

ll2]on cocjh 


nncawhK 

1(2] O-^ 


Benzofiiran adds one molecule of chlorine or bromine. Tlu' dibroinide, 2,3- 
dibromo-2,3-{iihydrol)(ii\zofuran, (^hI 16 Bi 20 , 86 °, is re,adily converted to 

monob](jm()b(',nzo[uran; m()tiochlorob!'n;'.o(’urari is obtaitic'd from the diciiloride. 
Both these ])roduets can be furtluir halo};ena.t('-d to dihalo^tmal-ed Innizofurans: 
2,3-dichIorobenzofuran, m.p. 26°, b.p. 226°, dibromobenzofuran, m.p. 27°, b.p. 
270°. Th(^ monocljloroixuizofuran is prol»ably a mixture of 2- and 3-clilorobenzo- 
furan, since on liealiu^ with alcoliolic alkali to 180-100° it yi(4ds, among other 

/(X)\ 

r)roduels, 3(2)-b(Mizofuranone, (yi/ X’lB, and e-hvdroxv])h(uiylacetic 

\-. 0 - / 

acid, whose lactone, (.'elli' >^X), U'act.s with PCOf, to give pun; 2 -chl()r()- 

l^enzofiu’an. WOkmi tr’ixOed with sodium a<‘eMt.e Icaizofuran diciiloride decom- 

) lljOH 

|)o.ses to e-hvdro.xyphenylglycohildidiyde, OdBa , rn.p. 64° 

( | 2 |(dKOn)(;H() 

{Sloernt^ r, Xnn. 313, 70). When hentin! aloiuy b(;nzofuran di’nroniidc; yields only 
2-bromobenzofuran, li(iuid, b.p. 221-223°, which can be* synthesized from o- 
hy(jroxyphenylac('tie acid hudoiK.' with IHlBr^. Winn it is h('at(*d with 
alcoholic 17()If, 2 -bj‘ornobt'nz()furan i.^ decomposed l,o e-'hydroxyplu'nylac.etic 
acief; under tlu' seme conditions Ixaizofurau dibroniidi* giv(‘s chiiXly 3-bromo- 
benzofuran, m.p. 30°, b.p. 219 22t)°; when heated with alcoholic KOIl, the 
lat4(‘r cou'pound Forms 3-ei,lioxybenzofu!ari, tog(4her with sonu‘ 2-etiu)xybenzo- 
furan and e-hydroxyphenylacetic acid {Slocrtncr, Kahlert, Ber. 35, 1633). 

NITROBENZOFURANS. When 2-bromobenzofurari is tr(;atcd with N 2 O 3 , 
bromine is liberated and 2-nitrobenzofuran, m.p. 134°, is formed; it is also ob- 
tainabk' in small quantity i)y the nitjiit.iou of Ixaizoruran. 3-Bromf)beTizoruran 
and N 2 O.S give 3-bromo-2-nitrobenzofuran, m.p. 132°. 2-NitrolH;nzofuran is 
n^arranged by sodium et hvlato solution to the moiioximi; of 2,3-beuzofurandione 

(Vol.III,p.427): (Vl/ V’NO,->(^1/ >0:NOII. C’/.UKimialo- 

s_o./ \ (>/ 

gous riairrangeimiiits of 7-nitr(>st,iIh(aie, of 1 - and 2-nitronaplit}ial(;ues (Vol. Iff, 
p. 614), of 0 -nit.roph(aianthr(;ne and of O-riitroantliraccaie (Vh)l. IJi, )). 649) 
{Sioenticr, Kahlert^ B(>r. 35, 1633). 

No aldehydes of the fienzofuran series have been ri'ported. 

KETONES. 2-Acetylbenzofuran, 2-benzofw'yl tncihyl hione^ C'8H{,0((X)Cn3), 
m.p. 76°, is pre])ared from salicylaldehydi; with chloroaCetone; with bromine it 
forms a bromide, ('8fI.sO(('0(31;.Br), which condenses with a S(‘Coiul molecule 
of salicyla](h;hyde to give dibeuzofuryl ketone, (( 4 H& 0 ) 2 (X), golden yellow plate¬ 
lets, m.p. 164° {Slocrmer, Ami. 312, 333). Acetyroeiiz(>furan is r(;du(‘od by 
sodium and alcohol to (K-mcihyl-2-benzoruniiime(liam)l ami ‘t-o-liydroxyph<;nyl- 
2-})utanol, T10[2i(4H,,< 3lo( dlat'11 tOH)(TB iStorrmcr, Srkdffrr, Ber. 36, 2863). 
2 -Benzoylbenzofuran, 14ni.O(( XirdU), ni.p. 91°, ubtaiiu'd from the acetyl 
derivative rd o-lyydroxyphenylacrvlopli('noii(‘ dibnaiiiile and from ^:alicylaldehyde 
wit/h a-bromoacetophenoiK;, is split by alkali fusion into bmizofuran and benzoic 
acid (v. Kofitanrrki, Ttimhor, Ber. 29, 237; Rap, Giizz. 25, 11, 285). 

CARBOXYLIC ACIDS. Cumarilic acid, 2-benzof arartrar boxy lie acid, m .p. 190 ° 
from 3-broniocoiunarin. For the esters, amide, chloride, hydrazide and azide, 
tiva Stoermerf Calm, Ber. 34, 773. The azide forms with alcohol 2-b(;nzofuran- 
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carbamic acid ester. (C8H60)NHC02C2H5, m.p. 141°, which can be saponified to 
o-hydroxyphenylacetic acid. 3-Methylbenzofuran-2-carboxylic acid, m.p. 189°, 
ester, m.p. 51 is prepared according to Method 5. Hydroxytrichloro-3-methyl- 

/C/s "OHg 

benzofuran-2-carboxylic acid, C'«Cl3(0H)<^ -00211, m.p. 258°, from tetra- 


chloroquinone and acetoacotic ester. 

HYDROBENZOFURANS. 2,3<Dihydrobenzofuran, couviaran, 



b.p. 189°, is formed, together with o-ethylphenol, by reduction of benzofuran 
with sodium and alcohol {Alexander^ Ber. 25, 2409); it is synthesized from o-(2- 
bromoethyl)-plKiuol with sodium hydroxide solution, and from /3,2-dibromo- 
phenetole, BrC'fJT 40 CHoCIJ 2 Br, witli sodium in ether. The* latter m(3tliod is 
also used to prepan*. Bz-methyldihydrobenzofurans {i^toermer, Gold, B(3r. 36, 
2873). 2-Phenyl-2,3-dihydrobenzofuran, m.p. 32°, from 2-phonylbenz()furan 

with Na and alcohol, besidtvs o-hydroxybibenzyl. .3-Phenyl-2,3-dihydrobenzo¬ 
furan, m.p. 38°, b.p. 107° (14 min.), from 2-chloro-3-phenylbenzofuran, which 
is prepared by treatment of o-hydroxydiph(3nylac(!tic acid lactone with 
(Stoernier, Kijjpe, Bc;r. 36, 3902). 

3-Amino-2,3-dihydrobenzofuran, b.p. 122° (IS mm.), by n'duction of 3- 
benzofuranorKi oxime (Stoermer, Konig, Ihu*. 30, 495). 2,3-Dihydrobenzofuran- 
2-carboxylic acid, hydrocournarih'c arid, m.p. 116.5°, by reduction of cournarilic 
acid with sodium amalgam. 

yClh. 

2(3)-Benzofuranone, 2-coumaranone, CelBv /CO, is considered as 


-O- 


the lactone of o-hvdroxyphenylacctic acid. 

/C0\ 

3(2)-Benzofuranone, 3-coumaranone, GeH/ >CH 2 , m.p. 97°, is pre- 

N 


( [2]C0CH2C1, 

pared: (/) By heating o-hydrox}^-a-chloroac( 3 tophenouo, C 6 H 4 < 

Uhoh 

with sodium acetate (FrieH, el at,, Ber. 41, 4273 ; 43, 214). (2) By condensation 

of phenoxyacetic acid, C 6 H|, 0 -C.H 2 C 02 H, with ly^r, {Stoermer, Barisch, Ber. 33, 
3176). ( 8 ) From its carboxylic acid, whoso ester, 2,3-dihydro-3-oxobenzofuran- 

. 00 . 

2 -carboxylic acid ester, (/ 6 n 4 <^ ^CHCO^CW..!, m.p. 66 °, is obtained by 


condensation of the est(T of o-carboxyphenoxyacotic acid with sodium {Fried- 
Idnder, Ber. 32, 1867; Ger. Pat. 1()52(}(), 1898; Stoermer, Ann. 312, 258). This 
compound is the oxygen analogue of indoxyl; it is soluble in alkali, with onoliza- 
tion, but in ot-lnu* respects bt^haves as a ketone (forms oximes, semicarbazones, 
etc.). The methylene group is very active, condensing with aldehydes, nitroso- 
dimethylaniline, and itself (sec below). 2 -Methyl -3(2) -benzofuranone, 



>CH-CH3 


b.p. 163-165° (40 mm.), {Stoermer, Atenstadt, Ber. 35, 3565). 5-, 6- and 7- 

/GO\ 

Methyl -3(2) -benzofuranone, CllrC'cIIa^ /CH 2 , m.p. 54°, 85°, and 102° 

{Stoermer, Bartsch, Ber. 33, 3179; Fries, Finch, Ber. 41, 4278). 5,7-Dimethyl- 
3(2) -benzofuranone, m.p. 75° {Fries, Finch, Ber. 41, 4278). Bz-Dihydro]pr- 
3(2) -benzofuranone, m.p. 226°, from pyrogallol and chloroacetic acid with 
POCI 3 {Feuersiein, Brass, Ber. 37, 817). For other Bz-hydroxy derivatives, see 
Sonn, Paischhe, Ber. 58, 96, and Fries, Nohren, Ber. 58, 1027. 

2 -Bromo- and 2,2-dibromo-3(2)-benzofuranone, m.p. 86° and 142°, arc pre¬ 
pared by bromination of 3(2)-benzofuranone. 2-Nitro-3(2)-benzofuranone is 



HYDROBENZOFURANS 


55 


/OO. 

obtained in the form of its potassium salt, X": NOOK, from 2-nitro- 

\- 0 ~ 


3-bromobenzofuran (p. 53) by reaction with dialkylamines, followed by treat¬ 
ment of the reaction product with alcoholic KOU (Sloenner^ Her. 42, 200). 

3(2)-Benzofuranoue condenses with benzaldehyde to a benzylideno (compound, 
m.p. 108°, and with p-nitrosodimethylaniline to the dirnethylaminoanil of benzo- 
furandiono (see below). A series of substituted benzyliden(v3{2)-benzofiiranones 
are prepared from substituted benzylidenc^-o-hydroxyacetoplumono dil)romide8 
{Emilewicz, v. Kostanecki^ Ber. 31, 699; 32, 309; Feuerslein, v. Kostanecki^ Ber. 
31, 1759; V. Kosianecki, Rozycki, Ber. 32, 2257). The dibromides of benzyli- 
dene-3(2)-benzofuranones rearrange in dilute alkali to jiavonols (Auwei's, Muller, 
Ber. 41, 4233). Acylation of 3(2)-benzofuranones in alkaline solution yields 

,a-“0(X)R 

O-acyl-3-benzofuranols, ^CH; the isomeric (Nacyl derivatives, 


C 6 H 4 <^ ^J^C-COR, are obtained 


by ring-closure of acyl-a-hydroxy-o;- 


.cocu^ci 

chloroacetophenone, C 6 H 4 <; , by means of potassium carbonate, dur- 

^OCOR 


ing which the acyl group shifts to a carbon at,om {v. Avvhts, Ber. 43, 2192). 

3(2) -Benzofurauone dissolves in alkali with format ion of salts of 3 -benzofuranol; 
in the air this solution rapidly turns bloo<J-red, due t-o simultaneous condtnisation 
and oxidation. The first f^roliucl in this t.ransfoniiation is an oxodihydrobibenzo- 
✓ COv ^06114^ 

furan, C 6 H 4 <; >0TT—Cx which adds oxygen to form 3,2'-di- 

Vq-X ^ OH ^ 


X^(OH). /-CelT4-x 

hydroxy -2,3 '-bibenzofuran, CeHX —CX Xb orange-yellow 

\~-0—X Xq(oh)/ 

needles, m.p. 185°. The latb'r is further oxidized by hydrogen peroxide to the 
oxygen analogue of indirubin (p.81), oxindirubin, A''^-'^'-bibenzofuran-3,2'-dione, 

C€H 4 <^ bC;(X Xb orange-yellow muulles which sublime without 

X-ox x.(^o-X 

decomposition, m.p. 215°, which is also obtained by condensation of 3(2)- 
benzofuranone with benzofurandione or o-hydroxyphonyIglyoxylic acid in con¬ 
centrated sulfuric acid {Fries, Pfaffendorf, Ber. 43, 212 ; 44, 114). 

/CO. 


2,3-Benzofmrandione , coumarandione. 


CeH4< 


>CO, 


yellow plates, m.p. 


134 °, is the lactone of o-hydroxyphenylglyoxylic acid, from which it is obtained by 
heating in benzine solution with PzOe or by distillation in vacuo (Fries, Pfaf- 
fendorf, Ber. 45, 154). Bz-Alkylbenzofurandiones have been formed from sub¬ 
stituted o-hydroxyphenylglyoxylic acids by heating with PsOs in benzine solution. 
4-Methyl- and 5 -methyl -2,3 -benzofurandione, m.p. 112 ° and 149° (Fries, Ber. 
42, 234). For other alkyl derivatives, see v. Auwers, Ber. 49, 816; Fries, Ann. 
442, 254. The 4’■dirnethylaminoanil of 2,3-benzofurandione, 

:NC«H4N(CHa)2 



from 3(2)-benzofuranone and p-nitrosodimothylanilinc (see above), combines 
with one molecule of 3( 2 )-benzofurauone to form a compound, C 24 H 20 O 4 N 2 , m.p. 
203° (dec.), which is split by hydrochloric acid to N,N-dirnethyl-p-pheiiylene- 
diamine and the oxygen analogue of indigo, oxindigo. 

/CO. /CO. 

Oxindigo, A^’^'’-bi-3(2)-benzofuranone, C«H 4 <^ ^C:C<^ ^C 6 H 4 , lemon- 


yellow prisms, m.p. 276°, sublimes undecomposed, forming a yellow vapor. It is 
also obtained from the potassium salt of 2-nitro-3(2)-benzofuranone (see above) 
by boiling with water or by treatment with bromine or iodine (Fries, Hasselbach, 
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15<ir. 44, 124; Slopmur, Brachinann, 44, .‘>15; Friei?, et al., Ann. 405, 315). 
As a dtTivalivf of furjui, o\itidt;.'o is unstable lo alkali, so vatiin^ in alkaline solu¬ 
tion is not pos'-if)!!*; liowevej', the diafolyl (i,'rivative of the leuco form can be 
obtfiiu(‘(j by re<liiclion with zinc dust in tin* presence of acidic a?ihydnde. 
Oxidation with chroirisulfuric acid (.^ives 2,.‘’.-benzofurandioiio (p. 55). 

A nuniliiT of sihEst.itnt.ial oxindij^os havi* fxuai obtairieil by the methods givim 
abov(i for oxindij^o; iSJ^i'-dunpikyloxintiiijo el al Ann. 405,347); 4,4',(i,b'- 

tetramethyloxiiidigo, yellow, in.j). 2S(i^ {Fries, .Ann. 442, 2()‘l); b,G'-dimethoxy- 
oxindigo, in.f). .310^, yellow. 

2-(o-Oxo-2-thianaphthenylidene)-.‘U2)-benzofuranone, benzofnran-thianaph- 
tliene-indigo, brii'k-red {Fries, Bartholomdus, Ann. 405, 37.3), 

lly application of Mid,hod 5 (p. 52) to poly hydroxy benzenes, bimzodifurans 
and b(nizotrifnr.‘i.ns are obtained. 

iCddT, ) 

Dimethylbenzodifurandicarboxylic acid ester, Odf-r; "y 2 , Iroin re,- 

I () ( 

sorcinol and chloroa,c.etoa<*eti{‘ acifl ester, a-coinponnd, lu.p. d-e.oinj)onnd, 

m.p. 14P. 3,.3,b-TfimethylbenzoI 1,2-/>, 3,4-6', 5,r>-6"jtrifuran-2,5,S-tricar- 

iC r.w, 

boxylic acid ester, (tgy ^ (b(X) 

chloroacidoacetic acid (‘ster. 

The corresponding naphthofurans an^ also known: Naphtho[ 1,2-6jfuran and 
naphthol2,1-6]furan, a~ and /■^-napiithofinan: 

nno-. nuciT 

('loTrc >('1I and SCH 

ll-ieiC' ([2|0-/ 

rn.p. 7'’ and (U ", b.p. 2<S3" and 285" {Ftoermer, Arm. 312, 2-37 ff.). Naphtho- 
[ 1,2-61furan-3(2)-one, tbll-iOi), tn.p. 02°, from 2-bromoac(dvl-i-acei- 
oxynaplithalene {UUtnarm., Per. 30, 1408). 4,5,4',5'-Dibenzooxiiidigo, orangi'- 
yellow, m.p. 310° {Fries, Aim. 442, 254). G,7,6',7'-Dibenzooxindigo, brick- 
red, m.p. 347°. 


;.R j-.-}, m.p. 297° (ilec.), fi'orn phloroglncitiol and 




Compounds of tlic type of phthalan, 1 ,'A-dihi/droisohe7iz(»faran, 




are also known {W ill stutter, Veragulh, Her. 40, 965; Ludwig, Her. 40, 30G(); NeF 
lam, Sinwnis, Her. 41, 9SG; Si munis, liejtimert, Ik^r. 47, 2.310), but they apjxxir 
to be unirnpoi taut. 


6. THIANAPHTHENES (BENZOTHIOPHENES) 

This group of couipounds contains nuuiy useful dyestuffs. Thio- 
indigo red, tint sulfur analogue of indigo, wtis first jtrepared by P. 
Friedldnder] after this discovery the whoUj fu Jd of thianaphthenes wtis 
extensively investigtileil. 

The name ^h.hiaiiaphtherie^^ is derived from the close resemblance 
of the compounds of tliis class to naphthalenes. 

[31 or[/3] 

H 

Thianaphthene, henzothiophene, xC^dI[2] or [a], m.p. 32°, b.p. 221°, 

picrate m.p. 149°, with an odor like naphthalene, is formed from o-mercapto-/3- 
chlorostyrene, which can be isolated only in the form of its xanthogenate {Gaiter^ 
mann, uockhart, Ber. 26, 2809): 
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.CH=CHC1 

‘\SH 



The best preparation is from the easily obtained 3-thianaphth(;nol by reduction 
with zinc dust and glacial acetic acid {Bezdrik, Friedldnder, Komigcr, Bor. 41 , 
230). It is present in coal tar and tar from lignite {Weissgerberj Kruher, Ber. 53 , 
1551). For its separation from naphthalene, with which it is obtained from coal 
tar, by partial sulfonation, see Ger. Pats. 325712 (1919) and 3.33156 (1920); for 
separation by treatment with sodium amide, see Ger. Pat. 350737 (1919) and 
Weissgerber, Kruber, Ber. 53 , 1551. Thianaphthene is also found among the 
products of marxy pyrolytic condensations, such as those obtained on heating a 
mixture of acetylene and hydrogen sulfide at 650 {Meyery Meyery Ber. 51 , 1571). 

Sodium amide converts thianaphthene to a sodium dei ivative (sex' above), and 
cthylmagnesium bromide converts it to a magnesium derivatives, ethane being 
evolved. Thianaphthenx', and KOH at 300° give n-t.oluenethiol {Weissgerber, 
Seidel, Ber. 60, 2089). 2,3-Dihydrothiana,phthene, b.i). 234° (770 mm.), and 
o-ethylbenzenethiol are formed by reduction of thianaphthene with Na and alcohol 
{Fricke, Spilker, Ber. 58, 1589). For nitration, see p. 59. For spectroscopic 
data, see v. Auwers, Kohlhaas, J.pr. 108, 321. 

3- Bromothianaphthene, b.p. 137° (13 mm.); 2,3-dibromo- and 2,3-dichloro- 
thianaphthene, m.p. 57.5° and 54° {Kom.ppa, J.pr. 122, 326). 

2-Thianaphthenecarboxylic acid, m.p. 236°, from the Na or Mg derivativxi of 
thianaphthene wdth CO 2 at 145° {Weissgerber, Kruber, Ber. 53, 1560; Gxu-. Pat. 
341837, 1920); methyl ester, m.p. 72°, b.p. 171° (14 nun.); ethyl ester, m.p. 
73°. 3-Thianaphthenecarbo^lic acid, m.p. 174° {Kornppa, J.pr. 122, 322). 
2,3-Thianaphthenedicarbox3dic acid, m.p. 250°, formed as a side-})roduct in the 
preparation of the 2-carboxylic acid; dimethyl ester, m.p. 91°, b.p. 214° (18 
mm.); anhydride, m.p. 171 °. 

4- Thianaphthenol, m.p. 72°, similarly to acetylbenzofuranol (p. 52), is pre¬ 
pared by condensation of thiophenecarboxaldehyde with succinic acid {Biedcr- 
mann, Ber. 19 , 1619): 

CII—CII HOCOCHi _C(), Gfl—CC(0]1):CII 

iiH-s-S-CHO (^Hjcooii 


2- Thianaphthenol, m.p. 35° {Weissgerber, Kruber, Be. 53 , 15 1562). 

/C(OM)v 

3- Thianaphthenol, thioindoxyl, C 6 Tl 4 <^ m. 71°, coha’less needles. 

It is prepared: (i) from 3-hydroxythianaphth(‘-ne-2-carboxylic acid by dt3- 
carboxylation (Fried/dnx/er, Ann. 351 , 408); (2) from 3-thianaj)htheiK5amine or 
its carlxoxylic acid by boiling in dilute mineral acid; (J) from phonylthioglycolic 
acid by treatment with fuming sulfuric acid or chlorosulfouic acid; this ri'action 
is suitable only for the preparation of substituted 3-tbianaphthenols from tliose 
plamylthioglycolic acids in which sulfonation is rendered impossible by the 
pnisenco of substituents; {4) from phenylthioglycolic acid chloride and AICI 3 , 
a smooth reaction (Ger. Pat. 197162): 


C,H4< 


\S~-(;H2-C0C1 



(5) from S-mcthylthiosalicylic axhd by fusion with alkali, in the presence of a con¬ 
densation agent, such as sodium cyanamide or lead sodium (Ger. Pat. 2002U0): 


.coon 

-Clla 



{6) by the action of acetoacetic ester and concentrated sulfuric acid on thiosali- 
cylic acid {Hutchison Smiles, J. 101 , 570). 

The sulfone of 3-thianaphthenol is prepared from benzoylacetic ester by treat- 
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ment with fuming sulfuric acid, togotlier with other products {Arndt, Kirsch, 
Nachtwey, Bcr. 59, 1074). 

3-Thianaphthenol resembles 1-naphthol in its behavior. It has a similar odor, 
volatilizes with steam, and couples with diazonium salts, forming azo dyestuffs 
which are similar to those derived from 1-napht.hol. In alkaline solution it 
oxidiztis even in the air, and more readily with potassium ferricyanide, ferric 
chloride, and the like, to thioindogo red, which is analogous to indoxyl (Ger. Pat. 
194237, 1905; Frdl. VIII, 1373): 

/C{Oii). 

+ 20 = ^ ^ P>CoH4 + 2 H 2 O 


2-Bromo-3-thianaphthenol, m.p. 88°, and 2,2-dibromo-3(2)-thianaphthenone, 
m.p. 132°, by bromination of o-thianaphthenol {Bezdrik, Friedtdndcr, Koeniger, 
Ber. 41, 227). Both are easily converted to thioindigo red by removal of HBr or 
2 Br {Friedldnder, Mo. 29, 371). 

In many cases 3-thianaphtlmnol n^aci.s in the, desmotropic form as 3(2)- 

thianaphthenone, GelEv /f'Id 2 . Thus, with aldehydes and ketones it forms 

colored condensation products, which arc; called Ihiomdogenides from their analogy 
to the indogenides (p. 70): 2-benzylidene-3(2)-thianaphthenone: 



(^•.cirCoH 


r> 


yellow needles, rn.f), 127° (Friedlindery Mo. 30, 317). With thianaphthcne- 
quinone (p. 59) 3-ihianaphthenol condenses to thiouidirvhin. 



(p. 59), with isatin to thioindigo scarlet, CeHZ >NH (p. 

Vg-X 

59), and with acenaphthenequinone to the orange-red 2-{2~oxo-l-accnaphthenyli- 

yCO. yCO 

dene)-3(2) thianaphthenone, Ciba scarlet G, CAIiK /C:C<f I , (Gro6, Ber. 

^CioIIfl 

41, 3331; Friedldnder, Mo. 29, 373). For numerous new thioindigo dyc'S, see 

Frdl. X-m. 

With nitrous acid 3-thianaphthenol forms thianaphthenequmone-1-monoxime, 
with aromatic nitroso compounds, thiatiaphthenequinorie-l-anils (p. 59). 

.CsT OHO 

2-Hydroxythianaphthene-3-carboxaldehyde, C 6 H 4 <^^ ^^0(011), m.p. 130°, 


results from the cleavage of 2-(2-oxo-34hianaphthenylidene)-pseudoindoxyl (p. 
59) with alkali (Fricdlamier, Kielhasmslci,}\v.r. 44, 3107). 3-Hydroxythianaph- 
thene-2-carboxaldehyde, m.p. 107°, from 3-thianaphthenol with HCN and HCl 
{Krollpjeiffer, Ann. 462, 40); phonyIhydrazone, m.p. 137°. 

/C(OII)v 

3-Hydroxythianaphthene-2-carboxylic acid, C 6 H 4 <f ^C COall, methyl 

^— S—^ 


ester, m.p. 104°, is obtained from n-carboxyphenylthioglyc.olic acid by fusion 
with KOII or by warming with acetic anhydride and sodium acetate at 40-50° 
{Friedldnder, Ann. 351, 405): 



COOH 

S—CH 2 COOH 



This acid decomposes readily into CO 3 and 3-thianaphthenol, and gives with 
aldehydes, nitrous acid, etc., the same reaction products as the latter. Oxidation 
yields thioindigo red. 
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Thianaphthonc is converted by nitric acid (d 1.52) in glacial acetic acid to 
3-nitrothianaphthene, ni.p. 81°. Willi acid reducing agents tJu* laltnr gives 3- 
ttiianaphtheneainine, with alkaline reducing agents, 2,2'-hist liianaphthene deriva¬ 
tives (Fries, Harnmecke, Ann. 470, 1). 

3-Thianaphtheneamine, C' 6 H 4 <^ oily liquid, acetyl derivative, 

in.p. 169°, with the charact,eristic odor of i-naphthylarnine, is prepared by re¬ 
duction of 3-nitrothianaphthene (see above) or by decarboxylation of 3-amino- 
thianaphthene-2-carboxylic acid, C8H4S(NH2)(y02H, m.p. 146° (dec.), which is 
obtained by treatment of o-cyanophonylthioglycolic acid with dilute alkali or 
cold concentrated sulfuric acid: 


/CN r n 

CeH/ - 

-- Ciu • COd l L \s—CH.>• CXhHj 


yC(NH2). 

CoH/ SC‘CO,ll 


When warmed with dilute mituTal acids 3-thianaj)hth(uioamiTic is transformed 
nto 3-thianaphlh(‘nol (Fricdldndcr, Ann. 351, 412; Ger. Pat. 100291). 

.0(3. 

Thianaphthenequinone, 2,3 -dioxodihydrothiayiaphthenc, Co H 4 <' >(^ 0 , yel¬ 

low prisms, m.p. 121 °, b.p. 247°, is prepared: (1) from thianaphthori(‘.quiuonc-2- 
anil (see below) with dilute mineral acids (Ger. Pat. 214781, 1907; Purnmerer, 
Ber. 43, 1370); (S) from ihianaphthenequinone-2-oxime (isonitrosothioindoxyl) 
(see below) l\y hydrolysis with 50% sulfuric acid or, better, by reduction to 3- 
hydroxythi{j.naphtherie- 2 -amme and oxidation of the latter with ferricj chloride; 
(3) from 2,2-dibromo-3(2)-thianaphthenone (p. 58) by boiling in water or 
lead acetate solution (Bezdrik, FriedLdnder, Koerdger, Ber. 41, 234; Ger. Pat. 
212782). . 

Thiaiiaj)htheTfcqumone behaves like isatin (p. 74). With Ihiophi.'jii^ and con- 
cemtr^tod H 2 SO 4 it turns dark blue. With hydroxylamine and phenyl hydrazine 
it forms ttiianaphthenoquinone-3-oxime, m.p. 186°, and the 3-phonylhydrazone 
of thian,a})htheri(Hiuinone, m.p. 166°; neither a dioxime nor a di-(i)henyibydra- 
zone) is producc'd. The thianaphthenequinone- 2 -oxime, isonitrosothioindoxyl, 

C«H 4 <(' ^:N0H, ni.j). 172° (dec.), obtained from S-thiaiiaphthenol with 

nitrous acid, gives a phenylhydrazonc, thianaphthenequinone-2-oxime-3-phenyl- 
hydrazone, m.p. 154° (Ger. P’at. 213458, 1906). Plydrogen peroxide in amrnoni- 
acal solution converts thianaphthenequinone into derivatives of benzisotliiazolo 
(StolU, Ber. 58,2095). 

.CO\ 

Thionaphthenequinone 2 -anil, C 36 H 4 <; >(^:NCGtIo, m.p. 151°, from 2,2- 

dibromo-3(2)-thiana})hthenone and aniline; p-alkylainiuo- and p-dialkylamino- 
2-aniis are obtaiiuul by condensation of 3-tnianaphthenol with jo-nitrosoalkyl- 
anilines (Purnmerer, Ber. 43, 1370). With 3-thianaphthenol, indoxyl, and similar 
compounds containing reactive methylene groups, thianaphthenequinone con¬ 
denses, with loss of water, to indigoid dyestulTs, the 3-carbonyl group being the 
one to enter the reaction: thioindirubin, -hithianaphihtyne-S,2'-dione, 

/CeH4v 

>C:C< >CJl4 

rod needles, m.p. 206° (Friedldnder, Mo. 29, 373); 2-(2-oxo-3-thianaphthenyli- 
/C 6 H 4 V /COv 

dene)-pseudoindoxyl, S<; >C:C<; /C 6 H 4 , (p. 58). The isomeric 

\-CO-/ 

dyestuffs are obtained by reaction of the same compounds with 2 , 2 -dibromo- 3 ( 2 )- 
thianaphthenone or thianaphthehequmouc- 2 -anil (s 9 § under tbioindigo red). 
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/CO. 

THIOINDIGO, Cell/ '>C:C/ >C 6 H 4 (Fnedlander, Ber. 

Vs-/ 


39, lOOO; Ann. 351, 390), the sulfur iuialoguo of indigo, is a vat 
dy(‘ whieh colors the hlKU- a. dull vi.^hd-red, and which is of great 
te{'lmi(*MJ iin])ort.‘ince b(H^ause of its fastness. It cryst.allizes from 
nitrohenzi'ne in sliiny brown-red needles, whi(d) melt over 280'^ and 
sublime even belr>w this temjM'ratni'e. At higlier tem})ei‘atures it 
clianges to an orange-ied vapor and distills almost nndecomposed. 
Its solutions show a strong 3 ^ellow-red fluorescamce. 

Methods of Preparation. — 1. Oxidation of 3-tIuanaphtheriol or its 
eaibox.yli(‘. acid in alkaline solution by the oxygen of the air or, better, 
1 ) 3 ^ potassium ferrieyanid(i, f(aTi(; chloride or the like: 




2. Condensation of s-bis-(u-carboxy})heny]mercapto)-(ithylene 
(from dichloroeth 3 dene and u-mercaptobenzoic acid) with acid con¬ 
densing agents, such as (dilorosulfonic acid (Ger. Pat. 205324, 1907): 




.CX\ 

C.H.< _>■:(/ >V 


3. Oxidation of o-acet 3 Ibenzenethiol in alkaline solution with the 
()X 3 "gen of tlie air (Ger. Pat, 198509, 1907): 


/( '0-(3Ia 
\SH 



This method is (‘sy)eciall 3 " useful for the preparation of the valuable 
alkoxy derivatives of thioindigo red (Ger. Pat. 202632, 1907). 

The following methoils are only of theoretical interest: 

4 . Treatment of ttiianaphtheriequinoiie 2-anil in (glacial acetic acid solution 
with hydrogen sulfide, with separation of sulfur {Friedtdnder^ Mo. 29, 371). 

6 . Condensation of 2,2-dihromo-3(2)-thianaphthonone or thianaphthene- 
quinone 2-anil with 3-tluanaplithenol. 

Properties. —Strong oxidation in aqueous media gives thianaphthenequinone 
(p. 59). Concentrated nitric acid acts on a suspension of thioindigo in glacial 
acelic acid to form, depending on the teim^c'rature, a monosulfoxide or a mono- 
Hulfone (Posner, Wallisf Ber. 57, 1073). Thioindigo is more stable to alkali than 
the indole indigo, being converted to thioindirubin (p. 59) only by boiling alco¬ 
holic KOH. S-Thianaphthenol and thianaphthenequinone are formed as inter¬ 
mediate products in the latter reaction (Friedtandcr, Sander, Ber. 57, 648). 

When thioindigo red is triiated with zinc dust and alkali or alkaline hydrosulfite 
solution, a slightly yellow solution results; from this, thioindigo white, C 16 H 10 O 2 S 2 , 
is precipitated by acid. This compound is insoluble in water and readily soluble 
in alkidi; in the air it oxidizes to thioindigo red. Sinoi^ it is also formed by moder¬ 
ate oxidation of 3“thianaphth(inol (thioindoxyl) with I'eCb or NaClO, it must be 

/C(OH)v X(OH)v 

bi thioindoxyl, 2,2'-bi-3-thianaphthenol, C 6 H 4 <Q \C—C<^ yC 6 M 4 , 

diaeetyl derivative, m.p. 240° {FriedtAnder, Mo. 29, 372). 

Certain generalizations can be made concerning the dyeing properties of a series 
of technically valuable derivatives of thioindigo, particularly the chloro, alkoxy 
and alkyImercapto derivatives. Substituents in the 6,6'-position (p-position to 
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the carbonyl group) shift the shade toward yellow, while substituents in the 5,5'- 
position (p-position to the S-atom) make it more blue. For light absorption 
and shade of a number of thioindigo dyes, s(hj Formanehy Z.aiigew.Cii<5.m. 41 
(1928), 1133. 

For th(^ tn(‘hnical pre])aration of thioindigo dy(\s, esp(M‘ially of tiie important 
6 ,0'-dihalogtaiothioindigos, a procedures depending on novel nnsthod for intro¬ 
ducing sulfur into the molecid(‘. is in use. The first step consists in tlui In'-atnaait 
of aromatic primary amines with S 2 CI 2 . For the remaining steps, see Ce^r. Pat. 
360690, 1914; Frdl. XIV, 908. 

A few tricyclic compounds containing a thiophene ring fused on a naphthahme 
ring are known: 

Naphthothiophenes {henzothiana-phlhpues), In this s(Ties also the 3-hy(lroxy 
and the 2,3-dioxo derivatives are th(‘ most important, because of their use 
in the preparation of indigoid dyestuffs (Swiss Pats. 92688, 93487 9, 1920; 
Swiss Pats. 102033, 104921, 1922; U. S. Pat. 1492054, 192-1; Brit,. Pat. 214864, 
1923). 

Selenindigo, -hi-3(2)-selenanaphlhenone, m.p. about 330”, reddi.sh brown 
crystals from xylene (Lesser, Weiss, Ber. 46, 2653; Lesser, Schoellcr, lh*r., 47 
2292). 


7. INDOLES (BENZOPYRROLES) 

The most imi^ortaiit C()m])oinH.ls Belonging lo this grtnip were 
found among the deeom]>osition products of indigo; their (d(;s(‘ rel;t- 
tion to indigo was uncovered by the fundatmuital rttsetiiT'li of Adolf 
V. Baeyer. Hence tlie name indole was givtm t,o tlie btisii; Iticyclic 
ring S 3 ^stcm. More recently the indok's have been investigated for 
their physiological significance, being i)r')ducts of ])aucre.‘itic digestion 
and of the decomposition of albumin. 

INDOLE (for formida and numb(;ri?)g, seci p. 51), m.p. 52”, l).p. 215” (dc'C.), 
occurs in (‘,oal tar, and is s(^parai.<Ml from t.h(‘ fraction boiling bctwiKiu 210” an 1 
260° in th(; form of its solid, easily d(‘Compos(id alkali d(!rivativ<\'-' by hi'a,ti?ig with 
KOIT or sodium amick; (Wris<^fferher, Ber. 43, 3520). 

Indok^ is pre[)ar(xl: /. By distillation of its (k'rivat.ivt's containing oxygcai, 
such as oxindole (]). 72) and indigo (p, 78) witb zinc <hist,; or, belter, from in- 
doxyl or its carboxylic aend I)y rculuction with sodium amalgam or zine^ dust and 
alkali (Vorldnder, April, Ber. 37, 1134; Ger. Pat. 1526)83, 1902). Small yields 
of indole are obtaiiUMl when a mixtun* of aenline vapor and ae'e'tylene is passed 
through an incandesctail, tuhc' {Majinni, (ht7U), Ono, Ben*. 5.5, 3851). 

2 . By condensation of various o-ainino (lerivat.ives of benzene;, or by re- 
duedion of the o-riitro compounds; for example;, by tn'atnieait of o-a.mino-/i- 
chle)rostyreiic with sodium alcoholat e;, a redaction analogous to t he)S(; useni to pre¬ 
pare benzofuran (p. 51) anel tliianaphthene (p. 56) (Lipp, Ber. 17, 1067): 

xdi -ciici /Crr. 

C’6lh< -» CJl4< >CJI 

\N'H, 

Also from o-nitrophenylacetaldehyde or o-nitrocinnamic acid by reduction: 


CJl 


< 


(TL'CHO 

NO2 



The formation of indole from phenylglycine, CsHfiNH CITst COOfl, and calcium 
formate is a similar reaction {Maidhner, Sittda, Mo. 11, 373; Ge^r. Pat. 213713, 
1908). 

,5. The formation of indole when alkylal-ed anilines and tetrahydroquinoUne, 
particularly cumidine and fnethyl-oAoluidine, are distilleel in an incandescent tube 
depends on ori/w-condensations (Carrasco, Padoa, Atti accad.Lincei [51 15, II, 
729). 
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4 . Indole is fonned, together wif.h skatolc, from albuminates in the pancreatic 
fermentation or on fusion with alkali, ft is found \n jasmine and orange blossom 
oil IHesse, Ber. 32, 2612), in the essential oil from Hohinia pseudacacia [ElzSt 
Chem.-Ztg. 34 (1910), 814] and in the oil of nuinerous other flowers (Sack, 
Pharm.Weekbl. 48, 307). 


Properties .—Indole crystallizes from water in shiny platelets; it 
possesses a charaid^eristic odor resembling naphtliylamine, and is 
volatile with steam. Its solutions and its vapor color a pine shaving 
moistened with HCl and alcohol brick-nul ((dia,ra(;t(uistic reaction of 
the pyrrole nucleus, see p. 29). Indole is only slightly basic, and is 
quicddy resinified by acids. As in pyrrole, the imine hydrogen can be 
replaced by potassium or sodium. With methylmagnesium iodide it 
reacts to form methane and indolylmagnesium iodide, CgHeN-Mgl, 
which gives l-indokaairboxylic acid with C() 2 , 3-alky]indoles with 
alkyl iodides, and 3-indolyl ketones with acid chlorides. For the 
mechanism of these reactions, see PulocMn, B(u’. 59, 1987; J.Russ. 
Phys.-Chem.Soc. 58 (1926), 119; Majima, Hoshino, Proc.Imp.Acad. 
Tokyo 3 (1927), 339; C. 1927, II, 1957. With picric acid, indole 
forms a comj)ound which cryst,allizes in needles, and with sodium 
bisulfite it forms a hydrosulfonic acid {Hesse, Ber. 32, 2615). With 
chloroform and alkali, indole behaves like pyri*ole (p. 30), giving both 
3-indolecarboxaldehyde and, by an enlargement of the ring, 3-chloro- 
qiiinoline {Ellinger, Ber. 39,25i6). When lieated with KOH at 200°, 
the indole ring is opened, and o-toluidine results {Fromm, Ber. 60, 
2090). Treatment with active oxygen or sulfomono peracid convei’ts 
indole into indigo. 


Some derivatives of ii)dole are derived from a desmotropic form, pseudoindole 
(CIbs. 

or indolemne, Celbs cf. trimethyliiidolonines (p. 63),nitroso-2-alkyl- 

i W 


indoles (p. 66) and diazoindoles (p. 66) (Angeli, MoreUi, Atti accad.Lincei [5] 
17,1,697). 

1-Nitrosoindole, m.p. 172°, from indole and sodium nitrite, seems to have a 
doubled formula (Zatli, Ferratini, G. 21, II, 23; Ber. 23, 2299); 1-Acetylindole, 
b.p. 152°, is prepared, to^;ther with other products, by heating indole with 
acetic anliydride (Zatti, Ferraiini, Ber. 23, 1359, 2296). 1-Benzoylindole, 
rn.p. 68°, from the sodium derivative of indole and benzoyl chloride (WeAss- 
aeroeTf Ber. 43, 3523), is converted by permanganate in acetone solution to N- 
benzoylanthrariilic acid (Weissgerber, Ber. 46, 656). 

1. HOMOLOGOUS INDOLES are prepared: (a) By ring-closure of 0 - 
aminobenzene dtirivatives: 


,C11,C0CH3 

Gell/ 

o-Aininobenzyl methyl ketone 


CsH/ >C-CIl3 

2-Methylindole 


o->Aminod(5Soxybenzoin condensi's to 2-phenylind()l(i, and o-methylamino-/3- 
chlorostyrenc condenses to N-me4,hylindole. 

(h) By heating aniline or il-s derivatives with compounds containing the 
group —CO-CHCl—. Intermediate products form which contain the grouping 
ArN:C«CH*NHAr. Aniline with chloroacctone gives 2-methylindole, with 
a-bromoacetophetfone, 2-phenylindole and with /3-bromolevulinic acid, 2,3- 
dimethylindole (CO 3 being split in the reaction). For thi^ course of this reaction, 
see Uischler, Ber. 25, 2860; Hisrhkr, Fireman, Ber, 26, 1336; Japp, Murray, 
Ber. 20, 2638; Hdl, CoMn, Ber. 37, 867. Benzoin and aniline condense to 2,3- 
diphenylindole, and benzoin and m-phcnylencdiamino, to a tetraphenylated 
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bouzodinyrrole {Japp, Mel(lrum,:S. 75 (1899), 1044; Richards, J, 97 (1910), 977]. 

(c) By imitjnient of N-acyl-r?«toluidines with sodium amide, 2-alkylindol0S 
being formed (Verley, Bull. [4] 35, 1039): 



((/) An important reaction for the formation of alkylindoles 
consists in the condensation of the phenylhydrazones of aldehydes, 
ketr)nes, and ketoacids })y heating tlnuYi with hydrochloric acid, 
alcoholic sulfuric acid, or zinc chloride (Fischer^ Ber. 19, 1563): 


C.HsNH—N-Cdf~ CdTo- (;T-L 


V CcH,.N(Cd{;,)--N 


Vlh 


CelTBXll—N 




/CTI:, 

X:Oo]{, 


yC(CJh\ 

(:„it/ SC'H 

\\TR.—-/ 


'"NH—/ 
,CH= 


/’ii^ 
'NH/ 


Clh 




For an interpretation of the reaction mechanism, see Bodforss, Ber. 58, 775. 

The phenylhydrazones are usually jYrepared from the corrtisponding carbonyl 
compounds, but in some cases the phenyl hydrazine group is introduced by cou¬ 
pling aliphatic 1 , 3 -dicarboiiyl compounds with benzene diazoniurn chloride [cf. 
Kalb, Schweizer, Schirnpf, Ber. 59, 1858; Keirnaisii, Sugasawa, J.Pharm.Soc. 
Japan 48 (1928), 63, 101; C. 1928, II, 49, 1881). 

Pyruvic acid and as'-alkylphenylhydrazines n'act smoothly when w^armed 
with dilute TTCl, H;iS 04 , or to form 1 -alkylindole<*,arboxylic acids. The 

phenylhydrazones of |S-oxo carboxylic acids, such as ac(d,oaceti(! (^ster, usually 
give pyrazolones, although some, especially the as-alkylplumylhydrazones, form 
indoles when heated with concentrated H 28 O 4 [Walker, Am.Chem.J. 16 (iS94), 
430]. 

In the case of aldehydes and ketones which contain a Uu-tiary methine group 
next to the carbonyl group, the condensation, in the presence of alcoholic ZnCb, 
hydriodic acid or stannous chloride and hydrochloric acid, takes a somewhat 
difT(irent, course. The phenylhydrazones yield derivatives of pseudoindole or 
indoleninc (p. 62), while the as-alkylphenylhydrazoues give derivatives of di¬ 
hydroindole, or indoline (Plancher, Ber. 31, 1488; Atti accad. Lincei [5] 9, I, 
115; Brunner, Ber. 31, 1948; Mo, 21 , 156; cf, also indolone, p. 72): 


1 . 


CJT5NHNr:G<^ 


CH(CH 

CIT3 


3)2 



Triniethylpseudoindole, 

Trimethylindoleninc 


o 


C6H6N(CH3)N:C<^ 


CiiiCU,), 

CHa 


3. 


C6H6N(CH3)N:C<^ 


CII(CH3)2 

H 





Clh 


Trimcthylmethyleneindoline 


-> 



Trimethylindolinol 


A number of methylindoles have been isolated from coal tar {Kruher, Ber. 59, 
2752). 
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Properties .—The indoles substituted by alkyl groui)s in the pyrrole 
nucleus gejierally have a fecal odor, and distill undecornposed. The 
pluaiylindoles are odorless and nonvolatile. The homologues of indole 
are more stal)le to acid than indole itself, and can be precipitated from 
solution in concentrated aedd by the addition of water. With picric 
acid they form comjxmnds crystallizing in red needles. Most indoles, 
with the exception of 2,3-dialkylindoles and the indolecarboxylic acids, 
give the pine-shaving reaction. When fused with caustic potash, the 
alkylindoles, like the alkylpyrroles, are oxidized to indolecarboxylic 
acids. With acid anliydrides, nitrous acid, and diazonium comj)ounds, 
th(^ indoles react as the pyrroles (p. 28 ff.) do, being substituted in the 
pyrroki ring by acyl, isonitroso, and henzeneazo groups. Two mots 
of indole and of indoles substituted in the 2- or 3-position condense 
with 1 mol aldehyde (IFczss, FastmanUj Mo. 47, 727), to form com¬ 
pounds i>f th(‘ tyjie: 

fC-CITR'-C| 

Cell.l ^CR Rc/ IceH. 

[i^n iin] 

(eith(U’ the 2- or the 3-hydrogen atom can take part in this reaction) 
(UenZy LoeWj Her. 36, 4326; Feucrsleiny BrasSy Ber. 37, 822; RenZy 
Ber. 37,1221; v. WaKheVy Clemeriy J.pr. 61, 249). These condensation 
products can be oxidized to d^’CstulTs resembling fuclisin, the rosin- 
dolcSy whicdi are also obtained directly by condensation of the corre¬ 
sponding indoles with benzoyl chloride in the presence of ZnCb (Fischery 
WagneVy Ber. 20, 815). 4,4'-Diaminobenzophenone (\h)l. Ill, p. 519) 
reacts similarly to tlie aldehydes, forming red to violet dyes (Ger. 
Pat. 128660, 1901). 2-Methjlindole condenses with aldehydes also 
to give compounds of the type: 

rC-=CHR 

c,n. )>c cH, 

In 

(Freundy Lehachy Ber. 36, 308; 38, 2640). In its desmotropic form 
(cf. ]). 62) 2-methylindole alsf) reacts with aromatic nitroso com¬ 
pounds (Angdiy Mordli, Atti accad.Lincei [5] 17,1, 697). 

The behavior of indole and alkylated indoles on exhaustive alkylation with 
alkyl iodides is rather eoinplex. For example, indole and 2-methyliridole, when 
treated with methyl iodide, are first completely methylated in the pyrrole ring, 
and then add another methyl group; this product is proved to be 
2-mcihylen(;indoline by synthtisis (see p, 63), by oxidation to trimethyloxindole 
(p. 72), and by conversion to trimeihylpseudoindole (see p. 63), from which it 
can be regenerated by mebhylation (Plancher, Ber. 31, 1488; Gazz. 28, II, 333; 
Piccininiy Atti accad.Lincei [5] 7,1, 358): 
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The rurthyl(Mi(‘trime<,hyliii(loline is converted by furtiuir methylation to ethvli^ 
dene- and isopropi/lidmctrirnetki/linfiolines, which arc also obtained from ethyl 
isopropyl ketorie and diisopropyl ketone methylphenylhydrazon(\s: 


In(CIL)/ 



C6rTiN'(CII»)N:C<^ 


cii(cns)» 

CH(CH,)2 


The ethylation of methylated, (‘thylated or phenylated indoles follows a similar 
course. Isomerization caused l)y wandering of tlie alkyl groups has also be(m 
o]).serv(‘d (Plancher, Gazz. 28, 11, 374; Atti acca<l.Lincei [5[ 9, I, 115; ibid. 11, 
11,182). 

Wlu‘n alkylindohis are warnK'd with chloroform and sodium alcoholate, the 
pyrrole ring, as in pyrrole (p. 30) and indole (t>. (32), is (inlarg(^d, so that, in 
addition to the indole aldehydes, 3-chloroquinolines are also formed. 2,3-Di- 
metliylindole 3 delds first S-dichloromethpl-2,S-di7nfthylpseudoindoIe, which is con¬ 
verted by warming with sodium ethylate to ^-ehl()ro-2,A-dimelhylquinoline 
(PlanchtTf Carraaco, Atti accad.Lincei (5) 14, I, 1(32): 

/■(CTT3)v 

CoH< >C^CTT3 -> 

^NII-/ 


xxcnci2)(CTT3)v 

cj-l/ >C-(Tl3 


/C(CH3):CC1 
CcH/ J 

\n-=C.CH3 


1- Methylindole,* b.f). 239°, 1-ethylindole, b.p. 247°, 1-allylindole, b.p. 252° 
(MichaeliSy Luxotnbourg, Ber. 26, 2175), and 1-phenylindole, b.p. 327°, are pre¬ 
pared from tlatir carboxylic acids by de(;arboxyltition. N-M(ithyl- and N-t^tnyl- 
indolo are oxidized by bromine and sodium hydroxide solution to methyl- and 
cthylisafin (p. 75). 1-Benzoylindole, m.p. 68°, b.p. 213° (16 mm.), from the 
sodium derivative of indoh^ and benzoyl cldoride (Weissgerber, Ber. 43, 3523). 

2- Methylindole,methylketole, m.p. 59°, b.p. 268°, from o-amiiiobeiizyl methyl 
ketone, from the plumylliydrazom? of acetone (see above) and from coal tar 
(/vrjJjer, Ber. 59, 2752), resembles indole in odor and behavior. Oxidation in 
fused alkali gives the 2-carboxylic acid, while oxidation with permanganate splits 
the pyrrole ring, producang N-ac(‘tylanthranilic acid. When passed through an 
incandescemt tube, it rearrang<\s, like 2-methyl pyrrole (p. 31), to quinoline 
{Pictet, Btir. 38, 1949) . With chloroform and sodium alcoholate it gives ^-chloro- 
quinaldine {Magnanini, Ber. 21, 1940). 

3- Methylindole, skatole, m.p. 95°, b.p. 265°, occurs in coal tar (in traces) and 

in human fe.cc^s, together with a little indole; it is fonned in the putrefaction or 
alkali fusion of albumims, and is best synthesized from propylenephenylhydrazine 
(see above). It has a penetrating fecal odor. With chloroform and sodium 
alcoholate it gives 3-chlorolcpidme {ElUnger, Flamand, Ber. 39, 4388). 3-Ethyl- 
indole, m.p. 43°, from indolylmagnesium iodide and ethylmagnesium iodide, 
and from the phenylhydrazone of n-butyraldehyde {Planeher, Carrasco, Atti 
accad.Lincei [5] 14, U, 677). 4-Methylindole, liquid, b.p. 267° (Kruber, Ber. 

62, 2877). 5-Methylindole, m.p. 60°, and 7-methylindole, m.p. 85°, are iso¬ 
lated from coal tar {Kruber, Ber. 59,2753, 2759). 

2,3-Dimethylindole, m.p. 106°, from the phenylhydrazone of methyl ethyl 
ketone (Fischer, Ann. 236, 128). 1,2,3-Trimethylindole, b.p. 280° (see above). 

2-PhenyUndole, m.p. 187°, is obtained from the phenylnydrazone of aceto¬ 
phenone, from o-nitrodesoxybenzoin, from a-bromoacetophenone and aniline, 
and from 3-phenylindole, m.p. 89°, by heating with zinc chloride at 170° (Fischer, 
Schmidt, Ber. 21, 1811). Rearrangements like that of 3-phenylindole also take 
place in methylphenylindoles (Ince, Ann. 253, 35). 2,3-Diphenylindole, m.p. 
124°, from desylaniline or the phenylhydrazone of desoxybenzoin (Bischler, 

* For the numbering of substituents, see p. 51. 
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Fireman, Her. 26, 1341). 2-(2'-Thienyl)indole, m.p. 162®, and 2-(l-naphthyl)in- 
dole, m.p. 180°, arc prepared from the phenylliydrazoiies of thienyl and naphthyl 
methyl ketones (Pschorr, Knhtz, Ber. 38, 217). 

/C(C^H3)2. 

2,3,3 -Trimethylpseudoindole, C 6 H 4 <; ^CCHs, b.p. 229° (Plancher, 

BeiiineUi, Gazz. 29, 1, 106), from the phenylhydrazone of methyl isopropyl ke¬ 
tone (see ahov(‘). 2,3-Dimethyl-3-ethylpseudoindole, h.p. 243°, from the phenyl¬ 
hydrazone of 3-methyl-2-])(^iiianori<^ (r/. I^lancher, Atti aecad.Lincei [5] 9, I, 
115). 2-Methyl-3,3-diethylpseudoindole is prepared by ethylation of 2-methyl- 
indolo. 

2 . HALOGEN DERIVATIVES. (Mdorine is introduced into the heterocyclic 
ring of indoles by th(! action of snlfnryl chloride on their solutions in (‘ther, by 
treatment of l-benzoylindol(!S with chlorine (WeisHgerher, Ber. 46, 052) or by 
the reaction of oxindole or 3-hydroxyoxindole with P(3fi. The position of the 
halogen in the rnonocfiloro ({(privative has not been determined. Ry-Monochloro- 
indole, m.p. 91°; monobromoindole, m.p. 67° (Wnsagerher, Ber. 46, 653); 
2,3-dichloroindole, m.p. 104°; 3-iodoindole, m.T). 72° (Pauly. Gundermann, 
Ber. 41, 4005). 

3. NITROSO, NITRO, AND BENZENEAZO DERIVATIVES. When 
treated with nitrous acid, from NaN ()2 and glac.ial acetic acid or, better, from 
amyl nitrite and sodium ahMjholate, and with nitric acid, from ethyl nitrate and 
sodium in ether, only thos(i indoles which an^ unsubsiituted in a 3-position react 
immediately. Tldius, indole, 2-inethylindol(y 2-phenylindole, and the like an^ 
converteil to nitroso and nitro derivative's, vvliich also exist in the tautomeric 
forms of isonitroso and isonitro compounds: 

fC—NO rc=Non rc-No. fc==Nooii 

C.hJ or Collj ^(’II ; CellJ or CW. ] ^CH 

[nh [n [^JII In 

The nitroso group is oxidized to the nitro group by permanganate. 3-Niti'OSO- 
indole, dec. 170° {MadcLung, Ann. 405, 87, 91). 3-Nitroso-2-methylindole, 
m.p. 198° (d(^c.). 3-NitrosO“2-phenylindole, m.p. 250°. 3-Nitroindole, yellow 
needles, m.p. 210°, is also obtained from 3-nitroindoh'-2-carboxylic acid (see 
below), which is proof of its constitution; further nitration witli nitric acid in 
glacial accit.ic acid convea'ts it to 2,3-dinitroindole, dec. 260°. 3-Nitro-2-methyl- 
indole, yellow scales, m.p. 248°. 3-Nitro-2-phenylindole, m.p. 239-241°. The 
nitrosophenyliridole is oxidized by chromic^ aciil to benzoylanthranilic acid, the 
nitromethylindole by permanganat-e to 3-nitroindolo-2-carboxylic acid. 

The indoles substituted in the 2-position also react smoothl}'^ with diazoniumi 
comf)ounds: 3-phenylazo-2-methylindole, m.p. 115°; 3-phenylazo-2-phenyl- 
indole, m.f). 166°. 

4. AMINOINDOLES. 2-Aminoindole, lustrous prisms, diacetyl derivative, 
m.p. 142°, is prepared by the intramolecular rearrangement of o-aminobenzyl 
cyanide when warmed with alcoholic sodium ethylate: 


CeH 




CIR-CN 




•Nils 



(Psdiorr, Hoppe, Ber. 43, 2543). 3-Amino-2-methylindole, m.p. 113°, and 3- 
amino-2-phenylindole, m.p. 180°, from the corresponding mitroso compounds 
(see above). When treated with nitrous acid the 3-aminoindoles form yellow 
diazo compounds of remarkable stability, which appear to be derived from the 

Nv yCelRv 

desmotropic form of indole (p. 62): || 1-Amiiioindole and 1- 

W ^CARV 


ethyl-3-aminopheriylindole do not form diazo compounds with nitrous acid. 

5. ALDEHYDES. Indolecarboxaidehydes are prepared by treatment of 
indoles with chloroform and sodium ethylate (c/. synthesis of hydroxybenzalde- 
hydes, Vol. Ill, p. 343), together with 3-chloroquinolines; a better method is 
the condensation of 3-indolylmagnesium bromide and formic acid ester [Majima, 
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Kotake.y Ber. 55, 3865; Pnfoehin, J.Russ.Phys.Chem.Soc. 58 (1926), 119]. 
Several indolecarboxaldeliydes iiavo been obtained by the action of HCN and 
HCl on indoles {Fischery PistoVy Ber. 56, 2313)., 3-Indolecarboxaldehyde, m.p. 
195°, is formed by the oxidation of tryptophan (sec below) with FeCb. Oxime, 
m.p. 200°. Permanganate oxidizes it to 3-mdolecarboxylic acid. When warmed 
with dilute mineral acids, it forms a red dye. It is used in the synthesis of several 
indole derivatives having side-chains in the 3-position (see tryptophan, and 
Majirnay KoiakCy Ber. 58, 2037). 2-Methylindole-3-carboxaldehyde, m.p. 198°, 
is obtained from 2-melhylindol(^ with amyl formate and sodium ethylate, or with 
H(/N and HCl (Fischer, Pistor, Ber. 56, 2313). 

6. KETONES. Indolyl ketoiu^s an^ prepan^d by the reaction of indolyl- 
magnesiurn iodides (p. 62) with acid chlorides, or by the treatment, of indoles 
with cyanides and gaseous ITCl (Fischer, Pistory Ber. 56, 2313). 3-Indolyl methyl 
ketone, (vsHoN-COCIIa, m.p. 189°, and 3-indolyl ethyl ketone, m.p. 158°, are 
formed by the alkali fusion of 3-indolecarboxylic acid. 3-Indolyl phenyl ketone, 
m.p. 170°. 2-Methylindolyl methyl ketone, m.p. 195° {Fischer, Pistor, Ber. 56, 
2313). 

7. CARBOXYLIC ACIDS, liulok'carboxylic acids aie obtained: (a) from 
the phenylhydrazones of pyruvic aitid and its derivatives (p. 63) by reac¬ 
tions similar to those use(l in the pn'pnration of pyrrolecarboxylic acids; (b) 
from inrloles by heating wit-h Na and CO-.;; (e) from alkylindol(\s by fusion with 
alkali {Cianiician, Magnanini, B<‘r. 21, 1925). When luxated alone or with 
calcium hydroxide', the indoJ(H*,arbo.xylic acids decompose into indoles and CO2. 

1- Indolecarboxylic acid, CsHgN COiH, m.p. 108° (dejc.), from iiidolylmag- 
nesium iodide' and (Xlo {(iddo, Scssa, Gazz. 41, 1, 234 ; ef. Mnjirna, Kotake, Ber. 
55, 3865). 

2- Indolecarboxylic acid, m.p. 200° (de*c.), from the phenylhydrazeme of pyru¬ 
vic acid, from 2-methylindole by alkali fusion, anel from tetrahydrocarbazole 
([). 87) l)y fusion with alkali. It, is also formed by reduction of o-nitrophenyl- 
pynivic acid with zinc dust anel glacial acedjc acid; reduction with sodium 
amalgam gives l-hyelroxyindoh'carboxylic aciel (Peisserl, Ber. 30, 1045). Wlnm 
hejatevl with acetic anhydriele 2-in<iol(‘carboxylic acid forms an imide-anhydride 
analogous t,o pyroc.oll (p. 37) (AndcrLmi, Ber. 22, 2503). For derivativ(.\s of the 
acid such as t,he hydrazide and azide, see Piccinini, Sabnoni, (Jazz. 32, I, 246. 

3- Indolecarboxylic acid, m.p. 218° (dec.), from skatole by alkali fusion, from 

indole with Na and CO2 (Weissgerher, Ber. 43, 3526) or from indolylmagnesium 
bromide and CO 2 (Majinia, Kotake, Be^r. 55, 3865). It does not form an imide- 
anhydride (Zatti, Ferratina, Ber. 23, 2296). Indigo in yielels up to 38% is ob- 
taineid from 3-indoleH;arboxylic acid in alkaline solution with air containing ozone, 
while not a trace of the dye^ is fe)rin(3d by the isomeric 2-carboxylic aend (iFms- 
gerber, Ber. 46, 657). Its nitrile, m.p. 178°, is prepared })y the action of sodium 
and formic acid ester on n-aminob{‘nzyI cyanide, and by treatment of 3-indole- 
aldoxime with acetic anhydride (Pschorr, Hoppe, Ber. 43, 2548). 1,2-Di¬ 

me thy lindole-3-carboxylic acid, m.p. 200°, from the mcdliylphcnylliydrazone 
of acctoacetic ester: 

C6H3N(CH3) ■ N: CXCHa) • CH. • CO.U 

3-Indoleacetic acid, a-skatolecarboxylic add, m.p. 165°, from tla^ phenylhydra- 
zone of /3-formylpropionic acid ester (Vol. I, p. 461), GeHBNHN:(JHGH2(Tl2- 
CXlOC-dls, according to method d (p. 63) (FUinger, Ber. 37, 1801). It occurs 
with indole, skatole, and 3-indolepropionic acid, m.p. 134°, in the putrefaction 
products of albumins. The indolepropionic acid is prej)ared from the pheiiyl- 
hydrazone of 7-formylbutyric acid ester, C6H6NH-N:CH•CH2'GH2*CH2C02- 
C 2 H 6 (lUlinger, Ber. 38, 2884; Kalb, Schweizer, Schimpf, Ber. 59, 1858). Both 
indoleacetic acid and indolepropionic acid are formed in the decomposition of 
tryptophan. 

^tryptophan, a~amino^3-indolepropionic add, 3 -ijulolylalanine, 

/C -CH,CH (NH2) CO2H 
C«H4< 

\NH 

m.p. about 289°, is produced in the hydrolysi.s of most proteins. It derives its 
name from its occurrence in the tryptic digestion of proteins, where its presence is 
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shown by an intense rod-violet color reaction to bromine (the tryptophan reaction). 
It was first obt ained in a pure condition in 1901. Although tryptophan accounts 
for only 1 lo 3% of the structunj of most proteins, it is a vital amino acid. Ferric 
chloride oxidiz(!S it to 3-indole(‘arboxaldehyde (s('e above*), from which it can be 
obtained synthetically. Like benzaldeliyde (Vol. Ill, p. 2(38), 3-indol(H^arbox- 
alde.hyde condenses with hippu'ric acid, sodium acetate and acetic anhydride, 
fomring a-henzoylnmino-^-mdoLeacrylic acid lactone: after saponific^ation of the 
lactone group with sodium hydroxide, the product is reduced with sodium and 
alcohol, which also splits off the benzoyl group, leaving racemic tryptophan, m.p. 
285® {Ellinger, Her. 40, 3029; EUinger, Flamarid, Z.physiol.Chem. 55, 8): 


CiHeNCHrC—NrCCoIL 

io-A 


-> 


CgHeN • CH: C • NH • COCelL 

ioONa 


I 




An analogous synthesis of dZ-tryptophan starts from hydantoin instead of hip- 
puric acid (Majimay KotakCj Ber. 55, 3859). 

Properties. —Besidcis tlu^ reaction with bromine immtiomjd above, tryptophan 
gives a whole series of color reactions, most of whicli involve tlu* })Yn’ole ring. 
A weak hydrochloric acid solution of tryptophan, containing formaldcLydi^, t urns 
blue to re.d-vi(*h't on addition of c.onccaitrated sulfuric acid. dlK* reaction is 
made jnon; s(aisitive (1: 125,000) by using dimethylam,inobenzald( liydc* \l\oinmy 
Z.physiol.Clu'in. 156, 35; Lichen, Popper, Biochem.Z. 173, i55|, gly- 

oxylic acid {Edlhachcr, Z.physiol.CUiem. 105, 240) or vanillin {Bhinchetihrr, (hr. 
180, 2072) in place* of formaldiiiyde. With ninhydrin (Irika'toliydrindemiiydrat.C!) 
tryptophan giv(*s the chara,ct(‘ris1 ic blue-vioh't coloring of tie; a-amino acids (see 
Vol. I, p. 439, and fiijjart, Biochem.Z. 131, 78). 

When (exposed to tin* action of th(5 bact,(aia of putrefaction, tryptophan is 
decarboxylated to 'd~(2 moinorfhi/l)-indole, ChUfwN-(dLi-CdL’NlL, m.p. 1413° 
(rn.p. 114°?, Majinia, Iloshino, B(;r. 58, 2045), whicli can Ji.lso be pn^purt'd from 
the phenylfiydrazoTie of 'y-aminobutyrald(*]iyde by heating with ZiiEL (Ewins, 
J. 99, 270). In the dog’s body /-tryi)topIiau is transformed into kynnrenic 
acid or 4-hydroxyquinoline-2-carboxylic acid. This reaction seems to take 
place in these steps {ELlinger, Z.physiol.(jhem. 109, 201): 

|/\-riC—CH, • CHNU,- cooii 


H 



-||C—(JH2 • CO • (X)OH 

IcH 



co-ciL-co-coon 

NU^COOlU 



K^'nurenic acid 


For polypeptides of tryptoplian, see AbderJudden, Ber. 42, 2331, and Fischer, 
Ber. 42, 4320. 

l-Methyl-S-indoleacetic acid, m.p. 129°, from 1-methylindole and diazo- 
acetic ester {Piccinini, Atti accad.Lincoi [5] 8, 1, 312). 2-Carboxyethyl-3- 
indoleisosuccinic acid, m.p. 199°, from the diethyl ester, which can be ob- 
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tained by treatment of 2-indolopropionic acid witii mothoxymetbylrnalonic ester 
(Maurer, Moser, Z.physiol.Chiim. 161, 1,21). ^ 

8. Py(l, 2 or 3)-HYDROXYmDOLES. Indoxyl, 1)-hydroxyMole, 




\NII—/ 


■Cl I 


yellow crystals, m.p. 85°, is formed by the decarboxylat ion of iiuloxylic acid when 
warmed in water (Vorldnder, Drcscher, Ber. 35, 1701). Indoxyl is synthesized 
directly from K-methylanthranilic acid, CH3NHCeH4(!OOH, and from phenyl- 
glycine, CeHsNnCd'L^COOH, by fusion with sodium amide (cf. indigo syntheses, 
p. 79). The indigo-forming constituent of the indigo filant, tndican (vegetable 
indican), CiJInOoN-31120, m.p. 58°, anhydrous, m.p. 180° (coustilulion: 
Macbeth, Pryde, J. 1923, I, 1627) is a glucoside of indoxyl IHazeurinkel, Chem.- 
Ztg. 24 (1900), I, 1294; Iloogmoerff, Ter Meulen, Rec. 10, 166; Ter Meulen 
Rec. 28, 339]. The solut.ion of indoxyl in water has a yellow fluoroscence. In¬ 
doxyl is rather unstable and resinifies readily. It dissolves in eonci'iilrated hydro¬ 
chloric acid with a red color. In alkalimi solution it oxidizes in the air to indigo; 
the oxidation is accelerated by ferric chloride: 


2C8H70N- + 0-2 - ((^«Hr,ON)2 -f 21120 
Indoxyl Indigo 


\Vlien warmed with potassium pyrosulfate indoxyl forms the potassium salt of 
indoxylsulfuric acid, CgHeN-O-SOsK, which is found in the urine of plant-^jating 
animals and in human urine after the ingestion of indoki (urine indican) ; when 
warmetl with acids this salt regenerates indoxyl, which forms indigo on treat ¬ 
ment in tlie cold with a little FeCb (test for indoxjdsulfuric acid in urine). 

Acetic anhydride reacts with free indoxyl to give N-acetylindoxyl, m.p. 
136°, but in alkaline solution 0-acetylindoxyl, CMleNtOCOCHa), m.p. 126°, is 
formed. 0,N-Diacetylindoxyl, m.p. 82°, from N-ac(;tylindoxyl, or from anthra- 
nilinoactetic a(4d, with acetic anhydridi^ ( Vorldnder, v. Pfeiffer, Ber. 52, 325). 

In many cases indoxyl reacts in the tautomeric form as 3(2)-indolone (see p. 
70). ^ 


Indoxylaldehyde, Col T 


< 


C(0H) 

NH-- 



•CITO, lust rous needles, which decompose 


at 160°, is formed by fusion of indigo with KOH, together with anthranilic acid, 
with which it condenses in the presence of .acids to chrysanilic acid, (blRON-- 
CH:NCoH4C02H {FriedUiuder, Schwenk, Ber. 43, 1971).' 

INDOXYLIC ACID, 'S-hydroxyindole-2-carboxylic acid. 


/C(OII). 

CoH/ \c-cooh 

^NIT 


m.y:). 123° (dec.), is prt^pared from its ethyl ester, m.p. 116°, by fusion with 
NaOH (Forre.r, Ber. 17, 076). The ester is obtained: 1, By reduction of o- 
nitro})htniylprof)iolic aeid ester, or of its rearrangement product, isatogen-2- 
carboxylic acid ester (sec p. 71), with ammonium sulfide: 


Cell 


jfeC-CUR 
' I NO, 


H 

aiiifiioniiim sulfide 



Indoxanthinic acid ester has been observed to lie an intermediate product of this 
reaction (Ger. P.at. 17656, 1881); this oxidiz(‘S to indoxylic acid ester. 

2 . By condensation of anilinomalonic acid ester at 260-265° (Blank, Ber. 
31, 1816): 


(%TRNHC11<^ 


COOR 

COOR 


C0H4 



C-COOR 


5. By heating N-o-carboxy phenyl glycine with caustic alkali, a method of 
technical importance (Vorldnder, v. Pfeiffer, Ber. 52, 325): 
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(\H 


.COOH 

'^NHCn2C001I 


NaOH 

- > 


yCmy 

Cell/ /C-COOH 


Tho cwtcrs of N-/;-carl>uxyph(?riylglycimi an* condf'nsod to iiidoxylic acid esters 
by sodium ethylate soiutioii. The N-acyl and N-alkyl dc'.nvatives react even 
more readily; the latter give N-alkylin^loxylic acid (istens {Vorldnder, Ber. 35, 
1683; Vorldnderf Murmne, licr. 35, liy.}d). 

When warmed with concentrated sulfuric acid, indoxylic acid esters give a 
quantitative yield of m(ligotin-5,b'-disidjdnic acd^ Indoxylic acid esters are con¬ 
verted to indigo by heating with alkali while air is blown in, and to a ditnolecular 
imide-anhydride (like indole-2-carboxylic acid, p. 67) by heating at 240-260° 
{Conrad, Reiabach, Ber. 35, 524). 

The phenol charactetr of indoxylic acid esters is shown in their solubility in 
alkalis, from which solutions they can b(i r(i[)reci pita led with CO2. Ethyl iodide 
reacts with salts of indoxylic acid estcirs (o form 0 -ethylindoxylic acid esters, 
C8H6(0C2n6)NC02ll, which are hydrolyzed to 0 -ethylindoxylic acid, in.p. 160°, 
by barium hydroxide.; this acid loses (Xh when heated, leaving 0 -ethylindoxyl, 
C8n6(Or2HB)N, which rcvsembles indole in odoJ* and behavior. When warmed 
with HCJl O-ethylindoxylic acid gives indoxgl; wium treated with nitrous acid, 
it forms psevdoisaloxime (p. 76). 

In many reactions indoxyl ami indoxylic acid yield products wdiich are derived 
from the tautomeric 3(2)-indolone (A). The divalent group (B) is called the 

CO CO 

(A) Cell/ ^ \ah Cch/ \c== (B) 

\NIK 


pseudoindoxyl or indogen group, and the compounds formed by the condensation 
of indoxyl or indoxylic acid with aldehydes, ketones and ketone carboxylic 
acids are called indogenides {Baeijer, Ber. 16, 2197): 


✓ COv 

CeH/ >C---CHCi6TE 
^NIK 

Indogenide of bcnzaldtdiyde 



C=:C(CTE)C02H 


Indogeuide of pyruvic acid 


The indogenid{.‘S of protocatechualdcliydc* and of aminobenzaldehyde are dye¬ 
stuffs [Noelting, Bull.soc.ind.Mulhousc 72 (1902), 236]. 

The reaction of isatin and indoxyl {Forrer, Ber. 17, 976) produces the indogenide 
indirubin (p. 84): 



/Cell-iv 

CH2 4- 0(/ > 

\ CO / 


Nil 


yCelEv 

Cell/ >c-c/ >NH 


which is isomeric with indigo. Indigo is formed by the oxidation of indoxyl (p. 
69) or by condensation of indoxyl with isatin-a-chloride (2-chloro-3-pseudo- 
indolone), and therefore may be regarded as diindogen: 


yCO. AX\ 

CoH/ >c--c< >Con4 

Indigo (Diindogen) 

By a similar reaction 3 -thianaphthene -2 -indole-indigo, 2-(2-oxo-3-thianaph- 

,COv .CeH^v. 

thenylidene)-pseudoindoxyl, C6H4<; >C:C< \S, is obtained from in- 

\ CO / 

doxyl and thianaphthenequinone (Bezdzik, Friedldnder, Mo. 29, 375), and 1 - 
acenaplithene-2-indole indigo, 2-(2-oxo-l-acenaphthenylidene) -pseudoindoxyl, 

/COv /CO 

CbH/ >C:C< I 

from indoxyl and acenaphthenequinone (Groh, Ber. 41, 3332). 
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l-Hydroxyiiidole-2-carbo:i^Uc acid, m.p. 159° (dec.), is prepared by boiling 
o-nitrobenzylmalonic acid with sodium hydroxide solution: 


/NO2 


CJl/ 

VH2--C^H(C00IT)2 


/X(on). 


and by the reduction of o-nitrophenylpyruvic acid with sodium amalgam. 
The acid is readily reduced to 2-indolecarboxylic acid. It is oxidized by per¬ 
manganate to o-azoxyb(Mizoic aend, by chromic acid to isatin. The hydroxy group 
on the N is easily acylated and alkylated. In the presence of calcium hypochlo¬ 
rite, sodium peroxide and the like, l-hydroxyindolc-2-carboxylic acid rearranges 
to indoxin, a blue dyestuff similar to indigo, but soluble in alkali and unstable; 
when the solution of this dye in concentrated sulfuric acid is diluted and allowed 
to stand in the air, indigo precipitates in good yield {Reisseri, Ber. 29, 639; 30, 
1045, 1052). 

1-Hydroxy-2-phenylindole, CsHoNfC^oHs)(OH), m.p. 175°, is obtained by the 
action of concentrated sulfuric acid on the oxime of benzoin {Afigeli, Angelico, 
Atti accad.Lincei [5] 15, II, 761). 


CH2 

HYDROINDOLES. Indoline, 2^S-dih\jdroindole, (^6H4<^ NCH2, b.p. 

^NIK 


221°, is prepared from indole by electrolytic reduction, hut more readily'' from 1- 
methylindoline by heating with HI and phosphorus {v. Braun, Ber. 45, 1285). 
1-BenzoylindoUne, m.p. 119°; nitrosoindoline, m.p. 84°. Alkylindoles are re¬ 
duced with greater ease than indole itself, eitiier electrolytically or with Sn 
and HCl. The hydroindoles differ greatly from indole in their behavior, resem¬ 
bling, rather, the alkylated anilines. With silv(‘r sulfate the dihydroindoles are 
oxidized to indoles (Kann, Tafel, Ber. 27, 827). 1-MethyUndoline, b.p. 216° 
{Wenzing, Ann. 239, 246). 2-MethylindoUne, b.p. 227°, is resolved into opti¬ 
cally active components by bromocamphorsulfonic acid. When healed with HI 
and phosphorus, 2-niethylindoliue gives o-propylanilimn With malonic acid ester 
it forms a tricyclic condensation product {Bamberger, Bternilzki, Ber. 26, 1298): 


CelL 


I [1 ICILv ROOC. 


. [2]NH 


> 


HICH 3 + >CH 2 

ROOC/ 


C«H 


3\ 1-6 |I\-^-, 

i [SJCO CIL CO 


2,3-Dimethylindoline, b.p. 229°. 

2,2-Dimethylindoline, CeH4<f >0(0113)2, b.p. 210°, is obtained by distilla- 

Nnr/ 

tion of o-isopropylaminobenzyl alcohol. The isomeric 3,3-dimethylindoline, 
m.p. 35°, b.p. 228°, is prepared by reduction of 3,3-dimcthyloxindole (p. 72) or, 
better, by reduction of the condensation product of is^butylidonephenylhydra- 

zine, the trimolccular 3,3-dimethylpseudoindole 


r .cicihK 1 

OellZ >011 

L J, 


{Brunner, Mo. 18, 115). 

1 ,3,3-Trialkyl-2-alkylide'ncindolines, such as trimethylmethyleneindoline, 

[ 0 (OH 3 ) 2 v 

> 0:0112 

Ufa)/ 


10(0B 

In (01 


b.p. 129° (21 mm.), and l-phenyl-3,3-dimethyI-2-methyleneindoline, b.p. 208° 
(52 mm.), ai’e prepared from the as-alkyl phenylhydrazones of certain ketones, 
and by exhaustive alkylation of indoles (see p, 64). 1,3,3-Trimethyl-2-benzyl- 

ideneindoiine, m.p. 93°, from 1,3,3-trimetnylindolone and benzylmagnesium 
chloride {Brunner, Ber. 38, 1359). Oxidat.ion converts them to indolones (p. 
72). 

Octahydroindole, perhydroindole, b.p. 185°, chloroplatinato m.p. 173°, is 
formed by catalytic hydrogenation with platinum black and hydrogen. Very 
intense hydrogenation (Ni and H2 in an autoclave) causes a break in the ring, 
producing o-ethylhexahydroaniline {Willstdtter, Seitz, v. Braun, Ber. 58, 385; 
i». Braun, Bayer, Ber. 58,387). 
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Derivatives of indoline containing oxygen ,—Indolinols and indolones are pre¬ 
pared from phenylhydrazones (c/. p. C3): 1,3,3-trimethyl-2-indolinol, 



in.p. 95°, and l-phenyl-3,3-dimethyl-2-indolinol, Jii.p. 125", arc obtained from 
the as-pheiiylrnethylhydrazonc and the dipheiiylhydrazonc of isobiityraldehyde 
with alcoholic hydri(jdic acid or staiinoiLS chloride and hydi’ocliloric acid. When 
warmed with hydrochloric acid tliese compounda lose a molecule of water and 
rearrange to trimethyl- or phcnyldiraethylindole {Brunner, Mo. 21, 156). 1,3,3- 
Trimethyl-2-phenyl-2-indolinol, rn.p. 102", from l,3,3-trjmethyl-2-indolinol 
with CellsMgBr {Jenisch, Mo. 27, 1223). 

The 0X0 derivatives of indoline are more; iniportant than the hydroxy deriva¬ 
tives. The oxindols, or 2(3)-indolones, may also be considered as lactams of o- 
amino-or-toluic acid and its hoinologues. 3^h(‘ oximloles can be prepared by 
heating acylpherjylhydrazides with calcium hydroxide, a reaction analogous to 
the Fischer indole synthesis (p. 63) {Brunner, Mo. 18, 95, 527; cj. Ger. Pat. 
218727, 1908): 

CJ^NIT NII COCITb -> CoIT4< >C0 

( NH / 


Propionyl-, butyryl-, isol)u(yryl- and plienacetylpUenylhydrazidtj and propionyl- 
and isobutyrylmethylphenylhytlra-zide react similarly: 3-Methyloxindole, atrox- 
indole, ni.p. 123", 3-Ethyloxindole, m.p. 102". 3-Phenyloxindole, m.p. 183". 
3-Isopropyloxindole, m.p. 106° {Schwarz, Mo. 24, 568). 3,3-Dimethyloxindole, 
m.p. 151^. 1,3,3-Trimethyloxindole, m.p. 47", b.p. 265", is formed by oxida¬ 
tion of the corresponding indolinol (see above) or of triniethylalkylindeneindoline 
(p,63). 

The following compounds are important because of their relation to indigo: 

X;H2s. 

1 . Oxindole, 2{S)-mdoIone, CcHX yCO, m.p. 127°, is prepared Irorn 

acetylphenylhydrazide with calcium hydroxide (see above). It was first obtained 
by reduction of fi-hydroxyoxindole, to which it reverts when exposed to the air 
while damp, b'or tliis reason it n^duces ammoniacal silver solution. It is the 
lactam of o-aminophenylacetic acid, and tlur-efore can also be obtairuid by 
reduction of o-nitrophenylacetic acid {cf. Nehcr, Per. 55, 826). With N2O3 
oxindole forms isatoxime (p. 7,5); the latter can be reduced to aminooxindole, 
which oxidizes to isatin: 



AniinoOxindole Isatin 


Oxindole and N-afkyloxindoles are form(;d from the chloroacetyl derivatives of 
aromatic amines when they are heated willi AK’ls at 160-180" {StolU, Ber. 47, 
2120; J.pr. 105, 137): 



yVlh 

CJI< >CO 
\N(R) 


Oxindole and its N-alkyl derivatives condense with aldehydes and ketones, 
splitting off water and forming colored compounds which are isome ric with the 
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ind()g('t\i(Ios derivod from indoxyl, and arc Ihoroforo known as isoindogf’nidcs, 
Oxindoio is nifidily converted ilirongli the 3-iHonitroso or the 3,t]-dibromo d(Tiva- 
tivc toisatin {StolUy J.pr. 105, 137). 

S-Benzylideneoxindole, -eidi., sulfiir-yc^llow ikhmUcs, m.p. 

\ CO / 

170®. Isoindigo, isomeric with indigo and indinibiii, is prepared from oxindole 
and isatin (p. 84). 

/'!(CHO). 

Oxindolecarboxaldehyde, r(iTr4/ ^COH, ycdlowish needles, m.p. 

213®, is formed togellier with thiosalicylie acid by the fission of thioindigo scarl(4. 
(p. 77) with alkali (FriedUindcr, Kielhasinskit Ber. 44, 3101). 

yCiroH^ 

3-Hydroxyoxindole, dioxindole, CcITK >00, m.p. 108®, the lactfim 

\ NH 

of o-aminomae ’ 'lie acid, is obtained from e-nitromand('lic acid, or from isatin by 
reduction wit', 'inc dust and acetic acid (f/c/Zer, Ber. 37, 938). Oxidation con¬ 
verts it to isnlio ami i.satyde (p. 75). 3-Alkyl- and 3-aryl-3-hydroxyoxindoles, 
/C(OH)lh^ 

C6TT4<^ •'"'O, are prepared by treatmcait of isatin with orgaiiomag- 

^-NH 

nesium compouu<ls {Kohn, Mo. 31, 747). A series of 3-hydroxyoxindoles sub¬ 
stituted in tlie benzene nuchnis are produced by heating aromatic primary or 
secondary amines with mesoxalic acid esh'rs, Ihe 3-carboxylic acid ester biung 
formed first [Mariinetf Ann.chim. [9] 11 (1919), 15J. 

/CO. 

2-Hydrox3rpseudoindoxyl, 2-hydroxy-S(2)-indolone, C6H4<' ^CHOH, iso- 

\ntr 


merin with 3-hydroxyoxindole, is calk'd indoxanthine. 2-Hydroxypseudoindoxyl- 
carboxylic acid ethyl ester, m.p. 107® (not sharp), is formed by mikl oxidation 
of 2-i!i(loxylcarl>oxylic acid ester in acetone solution wiiJi FeCb {Bacyevy Ber. 15, 
77.0). This est,(U‘ is rearranged by a cold solut ion of sodium carbonate to 3-%- 
ilro.ri/oxrnd<d<‘~3-carhoxyHc acid ester, m.p. 152® (Kalb, B(?r. 44, 1459). 

/ (dB V 

1 -Hydroxyoxindole, C6H4< >00, colorless rhombic plates, acetyl 

\N(0IT)/ 

derivative, m.p. 101°, is prepared by reduction of o-nitrophenylac6'tic acid with 
zinc dust and sulfuric acid. With nitrous acid it fortns 1-hydroxyisatoxime, m.p. 
223°; this, when oxidized and then reduced, gives 1-hydroxyisatin, which re¬ 
arranges in acid or alkalin(i na.'dia to the isomeric anthroxanic a(‘id {Bcisscrt, Ber. 
41, 3921). For the preparation of 1-hydroxyisatin from o-nitrobenzoyl (dilorido 
and diazomethane, see Arndty Z.angew.Chem. 40 (1927), 1099. 



l-TIydroxyoxin<l()lo 


.V:iNOU\ 

>00 

\-N(OH)-^ 

1 - Hydroxylsatoxime 


y—00—X 

C6H< >c^o 
\N(OH)/ 

1-Tlydroxyisatin 


yCsrCOOB 
OsH/ 1 >0 
\n/ 

Anthroxanic acid 


.ClKOlDv 

A. 1,3-Dihydroxyoxindole, trioxindoUy >00, m.p. 172° (dec.) 

\N(0H)/ 

the anhydride of o-hydroxylaminomandelic acid, is obtained by reduction of o- 
nitromand(4ic acid with zinc dust and ammonia. When heated by itself or warmed 
with acetic anhydride it is converted into isatin by loss of a molecule of water; 
on careful oxidation with permanganate it forms 1-hydroxyisatin {Hellery Ber. 
42, 470). 

5. The isatogens, which are related both to isatin and to indoxyl, are de- 
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rived from a par(;nt compound, isaiogm, which has not yet becji prepared 
(fonnulas I and II): 


1 



C:0 



II 


The 2*carboxylic acid ester was first jirepared by A. v. Baej/er, by the action 
of concentrated sulfuric acid on o-nilrophenylpropiolic acid ester. For its for¬ 
mula, see under isatin. 

Isato^eii derivatives are also obl.aincd under milder conditions by exposure of 
the pyridine solution of n-nitrophenylpropiolic acid ester to light. By a similar 
reaction in pyridine solution 2-nitrotolan (2-nitrudi{)henylacetylene) is converted 
to 2-phenylisatogen {Bfeijfcr, Ann. 411, 72). 

The isatogens resemble quinones, precipitating U from an acidified potassium 
iodide solution. On r(;duction th(.\v yield indoxyl derivatives: ‘^^-pseudoindolones 
have beicn isolaU^d as intermediate inoducts {Ituggli, Bolligcty Helv. 4, 626). 
The isatogoncarboxylic acid esters arc couverb^d to isatin by alkali. When 
gaseous HCl is led into the alcoholic solution of the isatogens, which is usually 
red, yellow isomers, isoimfogensy are fonn(‘d; th(‘se (^orres]:)ond to formula II (see 
above) (Hnggliy Bc^r. 52, 1; Ruggli, Bolligcry Ilelv. 4, 626). 

2-Phen3disatogen, m.p. 187", orange-red; isatogen-2-carboxylic acid ethyl 
ester, m.p. 112°, methyl ester, m.p. 201° {PJeijJcry Ann. 411, 149). 

Diisatogen, m.p. 287° (dec.), is prepai-ed from di-(o-nitrophenyl)biacetylenc 



f)iiKat<>Kon 


by treatment with alUali {v. Bacyvr) or by irradiation in cJilorolorm 'Solution 
(Ruggliy Bolliger, ITelv. 4, 626). It is converted to indigo by reducing agents. 


6. Isatin, C 6 H 4 \ >C0 lactam form, tautomeric with 

'^NH/ 

C 6 PI 4 V luctinie form, m.p. 201°, oningo-red prisms, was 


first prepared by oxidation of indigo witli nitric a,cid {Erdmann^ J.pr. 
24,11; Lauren ty J .pr. 25,484). Other oxidizing agents such as lvMn 04 
or CrOs can also be used in the presence of water. Isatin is also 
obtained from oxindole and 3~hydroxyoxindole by oxidation, from 
IjS-dihydr'Oxyoxiadole by loss of water and from o-nilro'phenylpro- 
piolic acid with alkali. In the last reaction imtogenic acid (2-car- 
boxy-3~pseudoindolone N-oxide) is formed fijst, by a rearrangement, 
and this compound yields isatin by loss of C() 2 : 


yCiCCOOII 

\N02 




If a reducing agent is added to the alkaline solution of o-nitrophenyl- 
propiolic acid, indigo is formed instead of isatin (p. 78). 
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The eamly synthesized isatin 2-anil, CcH- 



76) gives isatin when heated with dilute minciral acids (Ger. Pat. 
113979, 1899). 

Oxanilide chloride, CbHoNrCCl CChNCeHs, is converted to isatin 
by warming with concentrated H 2 SO 4 (Ger. Pat. 193633, 1907). 
The formation of N-alkylisatins from alkyl-aryl- or diaryloxamic 
acid chlorides, CelTb -NCR) CO COCl, with AICI3 proceeds smoothly 
(StolUj Ber. 46, 3915). 


Properties. —/. Isat in is one of the classic examples of a tautomeric substance 
(see Vol. I, ]). 4S). According to the reaction conditions, it (;an form derivatives 
of its lactam form or of its lact.ime form (s(;e above). The absorption curve of 
isatin in alcoholic solution is parallel to that of it.s N-methyl derivative; it may 
therefore be assumed that isatin in the solid state and in alcoholic solution (con¬ 
trary to the conclusion of A. v. Baeyer) (jxists in the lactam form. 

Isatin dissolves in aqueous alkali with a red-violet color, since the alkali 
salts of isatin have tlie lactime structure (see above) (Ilantzsch, Ber. 54, 1257), 
After stweral mimib^s in the cold, and mon^ rapidly on heating, the solutions be¬ 
come brighter, due to the formation of the alkali salts of o-aminophenylgJyoxylic 
acid, or isatic arid, by fission of tl\e f)yrrol(i ring. 

S. Oxidation of isatin witli chromic acid in glacial acetic acid gives isaioic 
/.NH—CO 

acid anhydride, CoIf4^ |, and with nitric a(;id, niirosalicylic acid, 

'^00—0 

4. Iteduction with ammonium sulfide gives fij*st isatyde, C16H12O4 (consti¬ 
tution: HarUzsch, Ber, 54, 1257; Reissert, Hessert, Ber. 57, 964), then 3-hydroxy- 
oxindole and oxindole. 

5. With ammonia and j)rimaiy amines isatin forms compounds of the general 

formula CoH4< )>CO, which are called t7fiesalins; these revert to isatin 

and aminos wlum treated with alkali (rf. isatinanil). o-Phenylenediamine and 
isatin yield indophenazine {Schunck, Afarchlewskd, Ber. 29, 194; Marchlewski, 
Ber. 29, 1030; Korczynski, Afarchlewski, Ber. 35, 4331; Haslinger, Ber. 41, 
1444). 

6. Isatin condenses with benzene hydrocarbons, phenols and the like, splitting 
off a water molecule, With thiophene it gives a blue dyestuff, indophenin (consti¬ 
tution, p. 25); similar products are formed from furan and pyrrole (p. 30 and 
Liehermann, Kram^s, Ber. 40, 2492). 

N-Benzoylisatin, m.p. 206°; N-acetylisatin, m.p. 141°; N-methylisatin, m.p. 
134°; N-ethylisatin, m.p. 95°, by treatment of the alkali salts of isatin with 
benzoyl chloride, acetic anhydride, methyl iodide, and ethyl iodide. N-Phenyli- 
satin, m.p. 136° {FriedUinder, Kaiiz, Ber. 55, 1605), is converted to 9-amdO/ccar- 
hoxylic acid by heating with an excess of sodium hydroxide; this rearrangement 
also takes place with other N-arylisatins. 

7. Derivatives of the tautomeric lactime form are obtained from the silver 
salt of isatin: 0-methylisatin, m.p. 102° (Hantzsch, Ber. 54, 1243), and O- 
ethylisatin, m.p. 88° (?), 52° (Hantzsch, Bor. 55, 3190), by r(‘action of the silver 
salt with methyl iodide and ethyl iodide. The silver salt of isatin and benzoyl 
chloride react together with water to form imtoid, m.j). 178°, a condensation 
product containing two molecules of isatin {Hantzsch, Ber. 58, 685). 

8 . Isatin also forms two isomeric isonitroso derivatives: isatuxime and iso- 

.C(:NOH). 

satoxime. Isatoxime, C6H4<(" ^CO, m.p. 202° (dec.), is prepared from 

isatin with hydroxyl amine, or from oxindole with N2O3 (p. 72); on reduction it 
gives aminooxindole, which can be oxidized to isatin. The silver salt of isatoxime 
and ethyl iodide give a mono- and a diethyl ether, from which isatin can be formed 
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after saponification. Pseudoisatoxime, CelTi' 


CO 

NIF 


\ 


€=-NOH,m.p.200°((iec.) 


(sy^ltll(^sis: WielatuJ, (imtiirr^vv. 41, ‘i512), is obltiiried from 0-ciliylindoxylic 
acid with N2O3 (p. 7(5); witli ethyl iodide this .‘liso gives a monoethyl and a di- 
/COv ‘ / ~CO 

ethyl derivative, CelR-c; ^CiNOCMR and Cell/ >C:NOC2H6, of 

^NiF ^Nic^ny 

which only the first can be, converted to isalin. R('duclit>n of N-(‘thylisatin 
ethyl oxime gives ^ ,N '’-didlu^lindigo (p. 8-1 and Jiacyer, ih'r. 16, 2201) . N- 
Acetylisatin and hydroxylamine form a dioxime {Kozak, An/.Akad.Wiss.Krakau 
1909,628; C. 1909, II, 987). O-Isatin semicarbazone {Marchkamkl, Tier. 29,1030). 
2-Isatm semicarbazone, m .p. 228" [ 7i0/.pc, A pot/iekcr, Helv.9 (1927), 1049]. 3- 

Isatin phenylhydrazone, in .p. 21 F, from isatin and phonylhydrazine; the isomeric 
2-isatin phenylhydrazone, m .]>.23(F,is obtained from 0-rn(4 hylisalin with phenyl- 
hydrazine, or from indoxyl and benzeiKHiiazoniiim chloride (HciKr, Ber. 40, 1298). 

F(:NC6H5)x 

,9. There an* two isomeric^ isaiin anils: 3-isotin auU, ("cIR^ /CO, 

\-NIT-/ 

golden yellow prisms, rn.p. 22F, and 2-isatin anfi, which exists in two modifica¬ 
tions, yellow-brown Hakes and violet prisms, in.)). 12(5'’, corresiionding to the 

lactam and the*- lact/nne form of isatin: CclRv /CXNCoTTt, and 

Xnit'^ 

xCO, 

C'oHX XCbNllCJU. Wh(‘n heated, tin* former rearr.anges to (In* latter. 
\ X 

Benzoylation of 2-isalin anil giv(':s two b(‘nzr>yl derivative's, in.]). 173*’ and 131° 
{(■allou), Hope, .1. 1929, 1191). 2-lsatin anil is prepared by reacting isatin chlo¬ 
ride (S(‘e prec.cding rch'rence) or 0-me I hy lisa tin with aniliin*, or from indoxjd 
or indoxylic acid will) nit rosobenzene (Pammerer, (Pxi/lrr, Ih'r. 42, 4209). The 
starting material {(.)r its t,<n4mical ))reparatioii is dipb(‘ny]lliiouix'a, wliich is de¬ 
sulfurized to dipl)enylea,rb()(liimide: alkali cyanide add(‘d t,o tin* rcadion mixture* 
converts tliis to dii)benylcarbodiimide ydroeyanide. WitJi vn'llow ammonium sul¬ 
fide the hitt.er gives a thioamide, which c')n(k‘n.se.s in warm conci'iitrated sulfuric 
acid to 2-i.satiri anil (Ger. Pats. 1139 78 -81 (1899), 1 154(55 (1899), 1 1(55(53] : 


(.'elRNIT 


- lijS C.V,Hr,NH\ 

CVS-> XC'-CXV 

CoTRnX 


C„H,.NH 

CfillftN 


CeSMB 


( GO. 

L\^hl >C::NCoTR 

( NiX 


The dii^henylcarbodiimide liydnx^yanide (am also lx* convc'rtc'd din'c.tly to 2- 
isatin anil by warming with AKUg (Ger. Pat. 277390, 1913). 

2-Isatin anil is also obtained l)y the condensation of di{)henyliso!iitrosoa(u4ami- 
CeH,NIi\ 

dine, ^C-CTT.NOH, from aniline, hydroxylamine and chloral, with 

sulfuric acid {Sandmnjer, H(‘,lv. 2, 334). 

With 1128 in acid solution 2-isatin anil forms 2-thioisatin, which very readily 
los(*H sulfur to give* indigo, but with alkaline lead solution yi('lds isathi (Ger. Pat. 
131934, 1901). Ammonium sulfide reduces 2-isat.in anil in the cold to indoxyl and 
in a warm reaction mixture to indigo {Pummervr, GottlcVy Bit. 43, 1379). Wlxni 
reduced with sodium hydrosulfite the isatin anils add two atoms of hydrogen, 
forming the colorless leuco-isatin anils, CgHoNO-NHCfiHr., ^\ hich are oxidized t o 
the isatin anils by the oxygon in the air (Pi/mmcrcr, (lottlrr, B<'r. 43, 1376). 
Isatin dianil, C 6 ll 4 (C:NC 6 il 6 ) 2 NH, rn.p. 210°. 

10 . Warming isatin with PCU in benzene solution produce.s isatin-2-chloride, 

2-chloro-3-pseiidomdolone, C 6 ll 4 <f rn.p. 180° (dec.), which dissolves 



ISATIN 


77 


in ether to a blue solution; it is converted by reduction with HI in glacial acetic 
acid or with zinc dust to indigo: 


2C,n 



4H 


/•COv /COv 

CJh/ >(\.R4 4- 211C1 


Substituted indigos, such as dihromo-, diniiro- and dmiethylindigo, are prepai’ed 
l)y Ibis n'judion from isatins substituted in the Ix'uzeiK' nucleus. 

11 . With compounds containing an activated inetliylenc' group isatin con¬ 
denses to dyestuffs which resianblt; indigo in structure and b(‘havior, and which 
are thend'ore termed indigoid dyes. Isatin and indexed form indiruhin, 

< COv >'(J6H4 v 

>C:C<^ ^NH (p. 70), and isatin and 3-thianaphtheriol form the 
NIK \ CO / 
valuable thiomdigo scarlet R: 


c.r>< >c.f< >Nn 


(Brzdzik, Frivdldnder, Mo. 20, 370). While in isatin itself it is the carbonyl in 
the 3-position which reacts, in isatin derivatives, such as isatin 2-chloride, isatin 
2-anil and 0-mi‘thylisatin, the condensation takes place .at the 2-carbon, with 
loss of HCl, C6H;,NH2, and CH3OH .and formation of tli(‘ isomeric dyestuffs, 

/C(\ .cxx 

indigo with indoxvl, and Ciha violet A, C«HK Xy:C< yCdH, with 3- 

\S/ 

thianaphthenol (fic.zdzik, Friedldnder^ Mo. 29, 377; FelLv, Fricdldndcr, Mo. 31, 
5.5). Isatin 2-ciiloride or isatin 2-.‘inilide also reacts with those f)henols which 
tend to form keto tautomers, such as 1- and 2-nai)hthol, anihrols, and nisorcinol, 
producing blue to l)lue-vio!et, indigoid vat. dyes (Bez(^ziJc, Friedldndcr, Mo. 29, 
375; 30, 271, S71; Fricdtdndcr, Schuloff, Mo. 29, 387): 


i co—c 


/CXK 

-C< >C^oTIt 
^NIK 


H 


2-(l -O 10- 1,2-diliydro-2-napht hyl- 
i(l(‘ne)--j)seudoind(»xyl 


(III- 


-CO~C^~C 


CO 

NIK 


\ 


CJI. 


C(OH)CIK-CH 
2- (4 - H y d roxy -2-oxo-1 -cy cl t >11 ex a- 
dienylidene)-pseudoindo>:yl 


These dyestuffs are split rnon* or l(‘ss n'adily by alkali into anthranilic acid and 
the corresponding aki(‘hyde: 


;ro- (K 

CAh< I 


/(Os, 

CV yCAU 

^NIK 


(C(C 

CcHK 

iCIh 


C(OH):CCHO ITOCO. 




+ 


H.N 


CelH 


Comp.are th(^ analogous fission of indigo, p. 82. 

12. When isatin is treatcnl with an ethereal solution of di.azomethane, the 
principal product is 2 /^-qieinolinedioly formed by an enlargement of the pyrrole 
ring (Tfeller, Ber. 59, 704; Arndl, Eisiert, Endety Ber. 62, 49). 

IS. For condensation products of isatin and phenylhydroxylamine, see Rupe, 
StockliUy Helv. 7, 557. 

5-Nitroisatm, m.p. 254° (?) {Calnr/ry, NollcTy AdarnSy Am. 47, 3058; Rupe, 
Kersten, Helv. 9, 578); 6 -Nitroisatin, m.p. 244° {Rnpe, Kersten, Helv. 9, 578). 


a-Naphthisatin, }-henz{g)indole-2,S-dione, CioH8(C202)NH, m.p. 
255°; (5-naphthisatin, "S’benz(e)mdoleA,2-dione, m.p. 248° (Hins- 
berg, Ber. 21, 117; Wichelhaus, Ber. 36, 1736; Ger. Pat. 152019, 
1902). 
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Indigo {indigotin)^ A^^^'-bipseiidoindoxyl^ 
yCO. .C(X 

>C-=C< >C«Il4 

is the principal constitiK'iit of coniiucrcial indigo obtained from the 
different types of Jndigofera (Indigofera tinctorial anilj etc,; China, 
India) and in small amount from woad (Tsafis imctoria; FAii*ope) and 
dyer\s collinsia {Polygonum tinctorium). For the d()te('-ti()n of indigo 
in i)lants, see Neger, Flora 16 (1923), 323. Inddcon, the subsLance 
in these plants which forms indigo, is a glucoside of indoxyl: CgHeO- 
NCCoHiiOs); for its constitution, see Macbeth^ Pnjde, J. 121, 1660. 
When the various portions of the plant are covered with water and 
allowed to stand in the air, this glucoside is split by the action of an 
enzyme into glucose and indoxyl, and the latter oxidizes to indigo in 
the air. Boiling dilute acids effect the same change as the enzyme. 
For more recent communications concerning the cultivation and 
processing of indigo plants, see ^'('liemische Industrie’^ (1914-1918) 
and Farber-Zeitung 1920, 92. Most of the commercial indigo is now 
obtained synthetically (see p. 79). 

The incligotin content of commt‘rcijil inriigo varies from 20 to 90%; the other 
constituents, such as indigo glutm^ indigo lyrown^ indoxyl brown ^ indigo red, and 
inorganic sul)stanc<i.s, hav(^ not becai thorouglily investigatcui {Perkin^ Bloxam, J. 
91, 279). Natural indigo is purified by reducing it to indigo white (p. 83), and 
precipitating it from a solution of the latter by sliaking wiib air (Fritzschc, J.pr. 
[1] 28, 193; tSommaruga, Ann. 195, 305). Synthetic; indigo is much purer than 
natural indigo. Tlie indigotin content is determined by titration with hydrosul¬ 
fite or potassium p(!rmangaiiati\^ 

History (ef. Bor. 33, Sonderheft p. Td),^—Indigo was knowm and prized in 
ancient times by the Orif'iital nations {Ihoscorides, Plinius: ivbixovy indicum). 
In Europe up t o the 18th century indigo was obtained from woad; this indigo was 
completely displaced by the East Indian indigo from Bengal, Java, and that from 
Central America. As the synthetic methods have improved, natural indigo has 
become less and less important in eommorce. 

The first import-ant clu rnical at-tack upon the dyestulT molecule, by the oxi¬ 
dation of indigo to isatin with nitric acid, was carried out simultaneously by Erd¬ 
mann and Laurent in 1841. In 1848 Fritzache observed the formation of aniline 
when indigo w^as distilled with KOH. In 1865 Jiacyer and Knop reduced isatin 
stepwise to 3-hydroxyoxiiidole, oxindole and indole; tlie latter wiis synthesized by 
Baeyer and Frnmerliug (Ber. 2, 679) in 1869 from o-nitrocinnamic acid. In 1870 
Engler and Emmerling (Ber. 3, 887; 28, 309) rt'portcd the first synthesis of indigo 
by heating o-nit-roacetophenono with Zndust and lime, in 1874 Ncncki obtained 
indigo from indoh' by oxidation with ozone. Baeyer and his students (1870- 
1878) reported the constitution of oxindole, its synthesis from o-nitrophenyl- 
acetic acid, and its conversion to isatin, as w^ell as a number of methods of forming 
indigo from isatin. Isatin was prepared from o-aminobenzoylformic acid by 
Claisen and Shadwell in 1879. During 1880 to 1882 a series of new syntheses of 
indigo were discovered by Baeyer, providing more certain evidence of its consti¬ 
tution and easier methods for its production. Th(; first patent on the preparation 
of indigo, from o-nitrophenylpropiolic acid, was gran tea on March 19, 1880; Ger. 
Pat. 11857; Frdl. I, 127. Of the many indigo syntheses developed since that 
time, that from phenylglycine-o-carVmxylic acid (introduced technically in 1897 
by Badische Anilin- und kSodafabrik), and that from phenylglycine, discovered 
in 1890 simuitaneousty by Heuviann (Ber. 23, 3043) and Lederer (J.pr. 42, 383) 
and put into industrial use in 1901 by the Hochstcr Farbwerke, have proved 
practical. 

* For details, see the book: Indigo rein, Badische Anilin- und Sodafabrik, Lud- 
wigshafen (1907), pp. 13-21; also Jones, Spaam, Ind.Eng.Chem. 8 (1917), 1001. 
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Synthesis of Indigo 

Most methods for the preparation of indigo start from isatin or 
indoxyl or their derivatives; probably the formation of natural indigo 
is also accomplished by the oxidation of indoxyl (cf. p. 78). 

1, Indoxyl is converted to indigo by oxidation (p. 69): 

.C(OHk yCO. /CO. 

2C6ii4< yen + 02 = cw/ >c=c< >C6H4 + 2 HaO 


For the preparation of indoxyl or its derivatives, two methods are 
in technical use: 

(a) The first of these methods is based on Heumann^s discovery 
(1890) of the formation of indox^d from 'N-phenylglycinej CeHoNH* 
CH 2 COOH, by alkali fusion. The addition of sodium amide lowers 
the temperature of fusion and tliereby makes the reaction suitable for 
large-scale operation (Gor. Pat. 187955, 1901;^Frdl. VI, 567). 

Tolyl-, xyly!-, naphthyl- and phenylmethyl^lycine, used in place of phenyl- 
glycine, form derivatives of indigo; with fuming sulfuric acid these compounds 
give the corresponding indigosultonic acids. Indoxyl is also produced by the 
fusion of N-{2--hydroxycthyl)-anilim CWsNH • CH2CTI2OH, (Ger. Pat. 171172, 
1904), of Nt'N'^dipfienyleikyhynetliandit^ef C«H6NHCH2‘C/H2NHCeH6 (Ger. Pat. 
220172, 1908), of phen/ylhydardoin, of a-bromoacetanilidey CflH5NHCO'CH2Br, 
and of diphenylpipenizinedione with KOH {Bicdermamiy Lepetity Bcr. 23, 3289; 
Kuhara, ChikaMg^y Am.Chem.J. 24, 107; 27, 1; Ger. Pat. 149638, 1903). 
Similar to these syntheses is the h)rmation of indigo from N,N'-ethvlenedian- 
‘ /NHCH2CH2NH/ 

thranilic acid, C6H4<f ^Celb, by fusion with alkali (Frdnkel, 

^COOII IIOOC/ 

Spiro, Ber. 28, 1685). 

(h) Anthrariilic acid is the starting material for the other tech¬ 
nical method for the preparation of indoxyl and its derivatives. It is 
obtained from naphthalene, which is present in coal tar in abun¬ 
dance. The latter is oxidized to phthalic anhydride with mercury and 
sulfuric acid, and this is converted to phthalimide with NH3. The 
imide is transformed b}^ bromine and alkali to an thranilic acid: 


/CH:CH /COv /CO. /COOH 

/ I -> C6H4< >0 -^ C6H4< >NH-► CcH4< 

^CH:CH ^CO/ ^CO^ ^NIIj 


An thranilic acid is converted to 'N-carboxymcthylaJiihranilic acid 

/COOH 

CeHZ 

\NHCH 2 COOH 

by one of these methods: (1) heating with chloroacetic acid; '(B) 
condensation with formaldehyde and HCN, followed by saponifica¬ 
tion; (3) fusion with polyhydroxy compounds, such as glycerol, 
mannitol, glucose, or cellulose, ami caustic alkali (Ostromisslenskyy 
PamfiloWt Ber. 43, 2774). This glycune derivatives is condensed by 
fusion with alkali in the absence of air or by heating with acetic 
anhydride to indoxyl derivatives (p. 69), which are converted to 
indigo by the reaction shown above. 
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Compare the formation of indoxylcarboxylic acid ester from 1 ^-carhoxymethyU 
anthranilic acid ester and from aniliimnalonic acid estery and its conversion to in- 
doxylic acid and indoxyl (p. 69). 


$a. Indigo is obtained froiii isatin in either of two ways: isatin 
2-'ehl()ride is condensed with zinc dust (cf. j). 77), or isatin 2--anil is 
treated with ainrnoniuni sulfide (Ger. Pat, 119280, 1899): 

/ CO. / CO V y CO V 

2CJT/ >(^:NC6lh + 4H - C.W/ >(>-C< VVR + 2CeR5NIl2 
\NIF \\H/ ^NIK 


!3h. Isatin 2-chl()ride and isatin 2-aTul condense with indoxyl 
when wanned irj benzene or glacaal acetic acid to form indigo by 
splitting off llCd or aniline (cf. p. 77): 


A\ouy 

Cell/ >C‘:NCeH5 + CTl^ 




yCO^ AX)^ 

CeH/ ;>C:C< >CJl4 -I- CaisNHa 


This method permits the ])repa.rati()n of unsymmetrical indigos. 
For the formation of isatin and isatin 2-anil, see j)p. 74 and 70. 

The n(^xt three syntheses of indigo were dev(4oped by v. Bacyer 
and his students, and are only of theoi-etical inten^sf.: 

♦ 3. 0 -Nitrobenzaldchydc condenses with acet-oiui to 4-o-nitro- 
ph('nyl-4-liy(lroxy-2-butanon{‘ (Vol. HI, p. 40G); with alkali this ketone 
is immediately converted to acetic acid, water and indigo: 


2(':cH4 


{ 


CHCOlDCIbCOCH., 

— : - > 


NO2 


( C^Os. .(X)) 

CeTb^ >C:C< >(;6H4 + 2CH3COOri + 2 H 2 O 

(NIK ^NHf 


^ 4 . o-NilToph(aiylpropiolic acid (Vol. Ill, p. 480), after rearrange¬ 
ment to isatogen- 2 -cai*box 3 lie acid, is reduced by alkaline reducing 
agents, with simultaneous decarboxylation, to indigo: 


2 C6H 


•{ 


C :CCOOU 
NO2 


ICO-CCOOH 

2C6H4I / 

(N:0 



5, o-Nitrophenylpropiolic acid can also be converted to indigo in this wa}^: 
it is decarboxylated to o-nitrophenjdacetylene, the copper derivative of which is 
condensed by potassium ferricyanide to di{o-nitroj)hcnyl)hiacetylene; the latter 
gives diisatogen with alkali, and this is reduced to indigo: 



6 , When o-nitroacetophenone, CeH4(N02)C0CH8, is carefully heated with zinc 
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dust, a small amount of indigo sublimes. 2^Nitroclialcone 


,CeH4<(' 


COCHrCHCeHi 
NO2 

reacts with itself in sunlight to give indigo and benzoic acid (Engler, Dorant, Ber. 
28,2497). 

7. When warmed with caustic alkali and reducing agents, o-nitrobenzoylacetic 

.CO.CH2COOH 

acidf C6H4<(^ , or its ester condenses to indigo (Ger. Pat. 201108, 

1907). 

8 . N-Hydroxyindolecarboxylic acid, from o«nitrobenzylmalonic ester or o- 
nitrophenylpyruvic acid is converted to indigo by treatment with concentrated 
sulfuric acid and subsequent oxidation with air: 

fCHaCOCOOH 

2C,II,^ >CCOOH -» 

(N(0H)/ 


2C6H4< 


IN02 




'ell. 


9. A synthesis of purely theoretical interest, which indicates clearly the struc¬ 
ture of indigo, is the reaction of dibromonialeic acid ester with aniline. The first 
intermediate product is diardlinomateic acid ester, which condenses to indigo when 
heated with sodium amide {Mohr, Ber. 38, 2600): 

H5C2OCO COOC^Ho /VX A 

+ 2C2H5OH 



Br Br 




\/V 

NH NH 


Constitution of Indigo. The formula of indigo, proposed by A. v. 
Baeyer (Ber. 16, 2188) in 1883 shows it as a derivative: 


C:0 


0:0 




NH NH 

of the yellow cis-diheMzoylethylene, Celia-CO 


COCeHa. 


\ 

CH=CH 

According to FrieMdnder (Mo. 29, 859), the deep color of indigo is ex¬ 
plained by the presence of the chromophoric grouping: CO-C=C-CO. 

However, more recent investigations provide evidence that indigo 
is derived from trans-dihcnzoylethylencj which is colorless. The reac¬ 
tion products of indigo and malonic ester (formula I; Posner^ Pyly 
Ber, 56, 31) and of indigo and phenylacelic acid ester (formula II; 
Lackrot-Ciba B; Posnery Kempery Ber. 57, 1313): 


C^HeC-CO 
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can be explained only by the existence of a trans form for indigo. 
In indigo the CO- and the NH-groups do not possess normal reac¬ 
tivity ; the trans form of indigo might account for this by the presence 
of residual valences between neighboring CO- and NH-groups 
{Schollr-Madelung, formula III; Ber. 57, 237), or between the CO- 
groups and the benzene nuclei {Posner, Ber. 59, 1873, formula IV), 
which mask the activity of the groups: 


CO.-—Nil Co" Nil 1 



These formulas also exj)lain the failure to obtain space-isomers of 
indigo dyes. Formula IV shows indigo as an inti*amolecular quin- 
hydrone, which would account for its intense color {Posnrry Ber. 59, 

im), 

u^roperties, .Indigo is a dark blue j)owder which acquirers a copper- 

red, metallic sheen on grinding. It has a very high melting point, 
and on subliming forms copper-red metallic prisms. It is insoluble in 
water, alcohol, ether, alkalies and dilute acids; it is soluble in many 
high-boiling solvents, such as aniline, phenol, nitrobenzene, tetralin, 
and quinoline, as well as in chloroform. It crystallizes from chloro¬ 
form in especially fine crystals, and from hot oil of turpentine and 
from molten phthalic anhydride in beautiful blue crystals. It is con¬ 
verted by heat to a dark red vapor, with carbonization at ordinary 
pressure, but with no decomposition at 30-40 mm. 

For the absorption spectra of indigo and its derivatives, see Fried- 
lander, Kunz, Ber. 55, 1598; Hantzsch, Bucerius, Ber. 59, 814; For- 
manek, Z.angew.Chem. 1928, 1133.* 

Indigo combines with both aciclH and alkalis. Addition of ether to a solution 
of indigo in glacial acetic acid-sulfuric acid precipitat/cs the crystalline sulfate, 
Ci 6 HioN 202 *o 04 H 2 {Binz, Kujfcralhy Ann. 325, 196). In the presence of water 
the indigo salts are immediately hydroly.*^ed; this properly is used technically to 
obtain very finely divided indigo (Ger. Pat. 272233, 1911, Frdl. XI, 318; Ger. 
Pat. 275290, 1912, Frdl. XI, 320). When indigo is treated with a conceptrated 
aqueous solution of sodium hydroxide or sodium alcoholate, an addition product, 
Ci6nioN202-NaOH (constitution: Fricdlander, Ber. 41, 1035) is obtained in the 
form of a dark green powder, wliich dissociates in water and is decomposed by 
energetic treatment with alkali into indoxyl-2-carboxaldehyde and anthranilic 
acid (discovery of anthranilic acid, 1848) (Fricdlander, Schwenk, Ber. 43, 1971): 


HO 



Wlien indigo is treated with the usual reagents for ketones, usually only one of 

♦ C/. Formanek-Knop, Untersuchung und Nachweis organischer Farbstoffe auf 
spektroskopischem Wege, Toil III. Springer, Berlin, 19^. 
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the two carbonyl groups reacts. With alkaline hydroxyl amine solution indigo 
h>rms a monoxime, Ci 6 HioN 20 (NOH), brown-violet needles, rn.p. 205° (dec.) 
{ThidPf Pickard, Ber. 31, 1252). However, zinc chloride-ammonium chloride 
at a high temperature yields both a monoimine and indigodumwe, dec. above 
200° {Madetung, Her. 46, 2259); the latter reacts readily with hydroxylamine, 
hydrazine, aiid pheriylhydrazine to give the dioxime, azive, rn.p. over 300°, and 
Impheriylhydrazomt, rn.p. 220°. Dianil: Graruhmnigin, Dessonlavy, Bcr. 42, 


3036. 

Oxidation with nitric acid, chromic acid or potassium permanganate solution 
attacks the C:('-bridge of indigo, producing isatin. 

Oxidation with PbO?, AgD, or KMUO 4 in indiff(;rent solvents in the absemee of 
wal(T, and {U’tderably in t.h(‘ pi'csence of some glacial acetic acid, ctmverts indigo to 
/CO-. /XX 

dehydroindigo, XX-/C 6 IT 4 , rn.p. 210-215° (dec.), dark yel- 

\ N / 


low plate. It is mu(;h more soluble in organic solvents than indigo is. It has a 
strongly oxidizing action, b(‘haves lik(‘ a quinoru', and is naidily reduced to indigo. 
It forms bright yellow salts with two mols of acid. With sodium bisulfite it gives 
a crystalline addition pr(jdiict, Ci 6 H 8 N 202 * 2 NaIIS ()3 + 211-/-), bright canary 
yellow, soluble in wat(‘r; this can be halogenated, and subse(juently decomposed 
with boiling dilute acids, to give halogenated indigotins [Kalb, Ber. 42, 3642, 
3653). Aqueous mineral acids split dtdiydroindigo into 34iydroxyoxiiidole and 
imtm {Kalb, Ber. 44, 1455). 

Neutral permanganate solution yields another oxidation product, yellow crys¬ 
tals, rn.p. 261° (Oer. Pat. 281050, 1913; constitution: Friedldndcr, Rosch- 
destwensky, B(^r. 48, 1841). 

When indigo in alcoholic suspimsion is treated with nitrous gases, plnund- 
glyoxylic acid ethyl osier is obtain(‘d {Posner, Aschermn,^^, B(t. 53, 1925). 

Reduction Products of Indigo. —Indigo white, Ci 6 H, 2 N 202 , is formed by the 
reduction (vatting) of indigo with zinc dust and alkali, hydrosulfite, ferrous hy¬ 
droxide and alkali or H 2 S in the pn'sence of pyridine [Bfnz, Prornge, Z. angew. 
Chem. 40 (1927), 1474] and by biochemical niduction (steeping vat). In the 
absence of air it, can be prc'cipitated from its alkaline solution with hydrochloric 
acid in the form of white crystals, which dissolve in alcohol, ether and alkalis to 
yellow solutions. In the air it oxidiz( 5 s to indigo, a property which is the basis of 
vat dyeing. Since it is derived from indigo by the addition of two H-atoms, and 
has the properties of a phenol, indigo white is Jissigned the formula of a hiindoxyl, 
.C(OH)v X^(OH). 

C6H4<( —C<( /CePB. For acyl and alkyl derivatives of indigo 

\_nh-/ 

white, see Madclimg, Wilhehni, Ber. 57, 241. 

Desoxyindigo, gnum-yellow, rn.p. 317°, is produced by the action of hydrazine 

✓COv ✓Cllav 

hydrate on indigo in alcoholic suspension : CeHZ >C=C<: >C.H4 

(Borsche, Meyer, Ber. 54, 2854). 

Indigo and indigo white are converted by tin and hydrochloric acid to the hydro¬ 
chloride of 0 , 0 '-diaminostyrylacctophenone (Madelung, Ber. 57, 222): 


/COv XHv 

C6ll4< "CH 2 —CH^ >C«H4-HC1 
^NIB H 2 N/ 

.GIF .CHv 

2,2'-Biindolyl, C 6 H 4 <f C<( ^C 6 H 4 , yellowush crystals, rn.p. 300°, 

\NH/ 

is a reduced form of indigo, but as yet it has not been obtained from indigo. It is 
synthesized from oxalyl-o-toluidine, and can be oxidized to indigo {Madelung, 
Ann. 405, 58, 61). 


Derivatives and Substitution Products of Indigo 
Indigo, or indigotin, is numbered in this way; 
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2 2'/GO 

®L J—NH/ ^NII 

V ‘ *' 

(o) Substituents iu the NH-group .—Complex compounds of indigo with vari¬ 
ous metals (Cu, Zn, Ni) are formed by tlie displacement of the hydrogen atoms 
in the NH-groups of two molecuh's of indigo, when it is boiled with metals, metal 
oxides, metal acetates, or iron carbonyl in anhydrous high-boiling solvents 
(Kuhuj Machemer, Her. 61, 118). 

N,N'-DIALKYLINDIGOTINS, which are blue to blue-gri^eri dyes, are usually 
obtained from the corresponding pheiiyiglycines: 1,1 '-dimethylindigotin, green- 
blue {Ettinger, Friedidnder, Her. 45, 2074); 1,1'-diethylindigotin (Bacyer, Ber. 
16, 2202); 1,1'-diphenylindigotin {Friedidnder, Kunz, Ber. 55, 1597). 

1,1'-DIACYLINDIGOTINS: 1,1'-Dibenzoylindigotin, m.p. 258°, dark 

violet,, prepared by boiling indigo with benzoyl chloridi' in pyridine {Posner, Ber. 
59, 1804). The technically important product formi^d by boiling benzoyl chloride 
and indigo in nitrobenzene in the presence of Cu-powder, which is called indigo 
yellow, is a derivative of anthraquinone (constitution: Posner, Hofmeister, Ber. 
59, 1827). The simpler condiaisation of indigo and phenylacetyl cliloride forms 
Lackrot Ciba B (formula on p. 81). 

{h) Substituents i'n the benzene nitciei. - Sulfonic acids: Up to four sulfonic 
acid groups (first in the 5,5'- then in the 7,7'-positions) can be introduced into 
the indigo molecule by the action of sulfuric acid. Since the sulfonic acids of 
indigo are soluble in water, indigotin-5,5'-disulfonic acid {Vorlunder, Schubart, 
Ber. 34, 1800) and the 5,5',7,7'-tetrasulfonic acid are us('ful for the direct fixa¬ 
tion of dyestulTs. Alkali salts of indigotindisulfonic acid are sold in paste form 
under the name indigo carmine. 

(c) Halogcnated indigoti'ns .—The halogenated indigotiris are of considerable 
technical importajice, especially those substituted in the 5- and 7-positions, which 
dye bright greenish shacies of excidlent fastness. Halogen in the 0-posit,ion gives 
violet-njd dyes. 5,5',7,7'-Tetrachloroindigotin, brilliant indigo; 5,5',7,7'- 
tetrabromoindigotin, Ciba blue. They ani obtained by din^ct halogenation of 
indigo in the absence of water, preferably in warm nitiobonzene solution (Ger. 
Pat. 193488, 1907) or in cold concentrated sulfuric acid or chlorosulfonic acid, 
or by the action of halogen on the sodium bisulfite com])ound of dehydroindigo 
(p. 83) {Grandmougin, Ber. 42, 4408; 43, 937). 5,5',7,7'-Tetraiodoindigotin 
{Kalb, Berrer, Ber. 57, 2105); 4,4'-dichloroindigotin, from 2-nitro-6-chloro- 
benzaldehyde {Gindraux, Helv. 12, 931). 6,6-Dibromoindigotin, dark violet 
crystals with a coppery luster, has been found to be idtmtical with the purple of 
antiquity, gathered from the secretion of the purple snail {Murex brandaris). It 
dyes the fiber dark reddish violet shades {Friedidnder, Bin*. 42, 705). For a new 
synthesis of this dyestuff from 6-bromoindolc-3-carboxylic acid with ozone, see 
Majima, Kota,he, Bor. 63, 2237. 

7,7'-Dimethylindigotin {Grandmougin, Dessoulavy, Ber. 42, 3641). 

Indigotindicarbo^lic acid is formed from o-nitrophthalaldehydic acid, 

C 6 H 3 (C 00 H)^ , as indigo is formed from o-nitrobonzaldehydc. 

\N02 

These compounds are isomeric with indigo: 

1. Indirubin, indigo purpurin, indigo red, A*'*'-biindoline-3,2'-dione, 
✓ CO V ✓C 6 H 4 V 

C«H 4 < yC:Cx >NH, reddish needles, subliming undecomposed over 

\NH/ \ CO / 



340°, is the indogenido of oxindole; it occurs with indigo in plants and is synthe¬ 
sized by condensation of isatp with indoxyl (p. 84), or of isatin 2-chloride or 
2-anil with oxindole. For the alisorption spectra of indirubin and its derivatives, 
see Formanek, Z.angew Chern. 41 (1928), 1133. 

XMl4\ /C6H4v^ 

2, Isoindigotin, 6,^’^'-hioxindole, NH<; >C:C<; /NH, garnet-red 

^ CO / ^ CO / 


needles, is obtained by condensation of oxindole with isatin (p. 73) {Wahl, 
Bayard, C.r. 148,716). 
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i8-Naphthindole, Z-henz{,e)indole, Ci 


cH,| 


Ia]CH. 

^CH, is obtained from its sul- 
U/3)NH/ 

foriic acid (see below) (Htnsherg, Simcojf, Ber. 31, 251). 

Bis-2,2'-naphthindole-(2,l,2 ,10-indigo, A^’'^'-bi-(l-benz{g)indol‘3{2)-one) 
and bis-2,2'-naphthindole(l,2,l ',2')-inaigo, ■~bi’(3-hem(e)indol-3{2)-one), 

are obtained from the naphthylglycines by fusion with alkali and subsequent 
oxidation (Wichelhaiis, Ber. 26, 2547), and from the benzindoxylic acid esters, 
prepared from naphthylaininonialornc acid esters (Wichelhaus, Ber. 32, 1236). 
Bifi-2^2'-naphthindole-{2,3f2 ',3') -indigo^ A^'^'~bi-(hcnz{f)indol-3 (2) -one) (Fierz^ 
Tahlevy Helv. 5, 557); perinaphthindigo {Fierz^ Sallniann, Helv. 5, 560); naphth- 
iaoindigotin (Wahl, Lobcck, C.r. 188, 1683). 

H 

HC^ ''C=-cn. 

8. ISOINDOLE, 2-benzolr]pyrrole. | I >NH. 

ri 

N-Acetyldihydroisoindole, m.p. 76°, hydrochloride, m.p. 256°, has been ob- 
taiiuid by electrolytic reduction of phthalimide (Bpdth, Brciisch, Mo. 50, 349). 

HI 


9. DIBENZOFURAN, biphenylene oxide, | 


f6j 

CHx 


C- 


-c> 


HCU ,0. /Cs Jm. 

|7] ^0/ ^CH-^ ts) 

18] ni 

in.p. 81 °, b.p. 288°, occurs in small quantities in sluhh-fai and in the fluorene frac¬ 
tion of coal tar, in which it can be detected by conversion to o,e'-hip'ienol in fused 
alkali (Kracrmr, Weissgerber, Ber. 34, 1602). Dibenzofuran is synthesized: (/) 
by distillation of plaaiyl phosphate (Vol. HI, p. 195) with lime; (^) from phenol 
with lead oxide; (ii) from phenyl ether by jiassage through an incandescent tube; 
(4) from o,o'-bi{ihenol, IT()f 2 !(/eH 4 *C 6 H 4 i 2 ]On, by rn(‘11ing with zinc chloride 
(ibid., p. 1663); (5) from the diazo compound of o-yihenoxyaniline with sulfuric 
acid, as 9-fluorenone is formed from o-aminobonzophenone; (6) most advanta¬ 
geously, from the tetrazo comixnuid of 2,2'-diaminobiphenyl with dilute acids 
(Tauber, Halherstadt, Ber. 25, 2746): 

N 2 O 3 

CJI,---;CeH4 -> -C 6 H 4 

XNEIo H.,N^ ^0/ 


When fused with caustic alkali, dibenzofuran forma 0 , 0 '-biphenol (see above), 
when heated with AlCU, plKuiol (Kracmer, Wein^gerber, Ber. 34, 1664). With 
bromine, dibromodibenzofuran, m.p. 185°, is produced, and with fuming nitric 
acid, dinitrodibenzofuran, m.p. 2Q0°. Diaminodibenzofuran, m.p. 188°, gives 
substantive azo dyes . Dibenzofuran-3-carboxylic acid, m .p. 246 ° (Mayer, Krieger, 
Ber. 55, 1659). Acetyldibenzofuran, m.p. 81° (see Galewsky, Ann. 264, 190). 
Dibenzofuransulfonic acid is very stable (Kraemer, Weissgerber, Ber. 34, 1666). 
Benzo[5]n^htho[2,3-d]furan, brazan, phenylcne-0, ^-naphthylenc oxide, 
C«H 4 ;-^CioHe, m.p. 202°, is a conversion product of brazilin. Its derivatives 

. \o/ 

are obtained by condensation of 2,3-dichloro-l ,4-naphthoquinone with resorcinol 
and orciriol (v. Kostanecki, Lampe, Ber. 41, 2373). 

Dibenzofuran is reduced by sodium and alcohol to tetrahydrodibenzofuran, 
C 6 H 4 C-CsHg, b.p. 269°. Hexahydrodibenzofuran is best obtained by cata- 

lytic hydrogenation (Ni, H 2 under pressure at 230°) of '-biphenol (v. Braun, 
Ber. 55, 3761). Under the same conditions, dinaphtho[2,l,l',2']furan, ^-di- 
naphthalene oxide, CioH 8[^]—[^ICjoHa forms a tetrahydro derivative, Imt 

1-o——J , 

dinaphtho [ 1,2,2 ',l']furan, a-dinaphthalcne oxide, OioHclo:]—(ojOioHe, gives an 

i— -—„ .Q. - — _1 

octahydro derivative. 
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10. DIBENZOTHIOPHENE, diphenylene sulfide, 


[91 


flj 

IT(>" Hb 


x:jL 

(/ % 

1 11 


II 

Il(\ /Ch 

\s/ 

\civZ 

[61 

[ 6 ] 

[ 4 ] 


■CIl [2] 


m.f). 97°, b.p. is forinod on disl.illaiion of phenyl disulfide, (GfiH 5 )i;S 2 , and 

phenyl sulfide, (CeHsb^S, through f^lowinj^ tubes; a betfer method of preparation 
is the treatment of diphenyl sulfoxide, (CeHi-SO-CeH^), with sodium amide in 
boilinf!; toluene {^c.hxmherg, Ber. 56, 2275). It occurs in small amounts in coal 
tar (Krnernerf Weltisgerlxr, Ber. 34, 1555). In contrast to thi()i)hene, it is oxi¬ 
dized by chromic acid to diphenylene sulfone, (C6H4)2S02, m.p. 250°. Diace- 
naphthof 1,2-5, 1 ',2'-d] thiophene, 

niic--^-c[i]) 

CioHs'x II 11 M -ioIE, is formed by the condensation of acamaphthene and 
U8]C.S*Cl8lf 

sulfur (Rehldndcr, Ber. 36, 1583). 


11. GARB AZOLE, 9-dibenzo pyrrole, diphenylenimide, 


(61 
4IC 
(Cl iiC'^ 


1-0 


— (’ \'C’H (31 

I II ![ I 

[7] HC/<^ \ 

X^IK M\T1/ 
m [9] [1] 


m.]). 238°, b.p. 351°, is pi’cseni in ci-iide anthnitauio, from wliitdi it 
can 1)0 separated as the potassium salt by fusion with KOlI. It is 
prepared (I) from dijiheiiylamine by passage tlirough an intamdescent 
tube, or in the prescuice of a ])Iatinum catalyst at 300° (ZeUnshy, 
TitZf Gaverdowskajuj B(u\ 59, 2590); from j^luaiothiaziiK^ by heat¬ 
ing with copj)er powder; (3) fiom 2-n,miMobiphenyl by distillation 
over lime {Blank, Ber. 24, 306); {J^) from 2,2'-diaminobiphenyl by 
heating with acids {Bamberger, Kitschelt, Ber. 25, 133); {5) from 2- 
aminodiphenylamine, through the diazo compinind; the 1-plienyl- 
l,2,3-beiizot,riazolc first formed splits into carbazole and nitrogen when 
heated to a high temperature {Graebc, ULlmann, Ann. 291, 16; Ull- 
mafin, Ber. 31, 1697): 


m CelEv .Celh 

j 

[2] CiH./ ^ Carbazole 


(Jo lb;—- 7 C 6 H 4 

\NH/ 


Cetb- 




Cell 


*\nHj NHj 
/N—V 

c.h/ >n 

\n(C,H6K 


■ Coils 
/C.H. 


13] 

[41 

{51 


(6) Carbazole derivatives are formed, similarly to the indoles (r/. method d, 
p. 63), from arylhydrazones of cyclohexanones {Borsche, Ann. 359, 49); also, 
henols which tend to tautomerize to the keto form, such as 2-naphthol and 9- 
lenaritlirene, yield carbazolcs when heated with arylhydrazines and 



CH2-CHrCTT.2 

(!;HrCHji:NNHC,Ho 

Phonylbydrasoiie of cyclohexanone 




CTT.-CHsC—CflH4 
(JHz-CHj-ci—NH 

Tetrahydrocarbazole 
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By similar roact-ions tctrahydrocarbazolecarboxylic acid is obtained from the 
phenylhydrazoiie of cyclohexanonocarboxylic acid, benzocarbazolc and dibcnzo- 
earbazolc are obtjnned from 2 -naphthol with phenylhydrazine and with 1 - and 
2 -naphthylhydraziiie, and naphthobenzocarbazole is obtained from 9-hydroxy- 
phenanthrene and naphthylhydrazin(‘. 

Properties .—Carbazole gives the pine-shnvi'og reaction (p. 29) and the bine 
color reaction with isatin or aliphatic aldehydes and concentrated H 2 SO 4 [Dische^ 
Biochem.Z. 189 (1927), 77], like pyrrole and most indole componndvS. It also 
produces a characbuistic color whcni treated with concentrated sulfuric acid alone 
or with the addition of nitric acid (/f/ora, flelv. 4, 625). 

Carbazole condenses readily with nitrosophenols, forming dyestuffs similar to 
indophenol, which are converted by subsequent treatment with alkali polysul- 
fid(is to valuable blue sulfur dyes (hydron blue dyes) (Ger. Pat. 218371, i908, 
Frdl.X, 301). 

Like pyrrole, carbazole is a very weak base, and forms a stable salt, only with 
picric acid: picrate, m.p. 182°. Nitrous acid converts it to 9(N)-nitrosocarba- 
zole, (CcTDaN-NO, rn.]). 84°, which is rearranged by mineral acads to 3 -nitroso- 
carbazole, (Ci 2 H 7 (NO)]NH; the latter can be nduced to 3-aminocarbazole. 
When heated with potassium hydroxide, carbazole forms a potassium compound, 
(CelDxNK, which giv(‘s wit h alkyl iodides 9-methylcarbazole, (C(jH 4 ) 2 N -CHa, 
m.p. 87°, and 9-ethvlcarbazole, m.p. 68 °. When 9-methylcarl)azole is passed 
through an incanvh.'sront tube, it is converted to phennnthridive (Pictet, Ber. 38, 
1950): 


C,Ui\ C«H4CH 

I >NCPl3-l II 4-211 

C,u/ C 6 H 4 N 

Compare the analogous conversion of pyrrole to pyridine (p. 30) and of indole 
to quinoline (p. 62). 9-Acetylcarbazole, m.p. 76°; 9-benzoylcarbazole, m.p. 
98°; for homologues, see Bischoff, Ber. 31, 2847. With CHsMgl carl)azole 
reacts like pyrrole and indole (p. 65), producing methane and carbazolemagne- 
sium iodide, (C 6 H 4 ) 2 N*MgI. HNO 3 or, bettor, ethyl nitrate and cone. II 2 SO 4 
( Raiidnitz, Ih'r.60,738) yieldnitrocarbazoles. l-Nitrocarbazole, m.p. 187°(/ymde- 
7nami, he,v. 57, 555). 3-Nitrocarbazole, m.p. 214° (loc. cit.), is obtained from 
carbazole with the N-nitroso compound being an intermediate in the reac¬ 
tion; it gives 3-aminocarbazole on reduction. Because of tluhr sensitivity to 
light, the diazo compounds of the latter are used in the production of photographic 
copies (Ruff, Stein, Ber. 34, 1668). 1,3,6,8-Tetranitrocarbazole, m.p. 289°, 
from carbazole with ethyl nitrate and concentrated sulfuric acid (Raudnitz, Ber. 
60, 738). 3,6-Diaminocarbazole, m.p. over 290°, from the corresponding di- 
nitrocarbazole. Fusion of carbazole with oxalic acid produces tricarbazole- 
methanol, or carbazole blue (for discussion of its constitution, see Copisarov, J. 
117, 1542). 

2-Methylcarbazole, m.p. 259°, and 3-methylcarbazole, m.p. 203°, as well as 
many other alkylcarbazoles, are prepared from th(i corresponding tetrahydro- 
carbazokis, synthesized according to method 6 (p. 86), by distillation over gently 
heated lead oxide (Porsche, Ann. 359, 74). Dimethylcarbazole, ditolyleneimine, 
(Cll 3 -C 6 H 3 ) 2 NII, m.p. 364°, is formed pyrogenically from o-toluidinc (Seyherth, 
Ber. 29, 2594). 

HALOGEN DERIVATIVES: 3-Chlorocarbazole, m.p. 192°; 3,6-dichloro- 
carbazole, m.p. 202°. 

CARBOXYLIC ACIDS: 9-Carbazolecarboxylic acid; 9-carbazoleacetic acid, 

m.n. 215° (ethyl ester, m.p. 97°) (Ger. Pat. 255304, 1911). 

Oxidation of carbazole with Ag20 in benzene produces dibipheuylenehydrazine, 
m.p. 296° (Branch, Smith, Am. 42, 2405). 

HYDROCARBAZOLES: 1,4-Dihydrocarbazole, m.p. 229°, by reduction of 
carbazole with sodium and amyl alcohol (Schmidt, Schall, Ber. 40, 3225). Tetra- 
/C 6 H 4 

hydrocarbazole, NIi<" I , m.p. 119°, is obtained by reduction of carbazole or 

from the phenylhydrazone of cyclohexanone (see method 6, p. 86); it behaves 
like an alkylated indole. When treated with chloroform and sodium alcoholate, 
it is transformed to an acridine derivative, just as indoles are converted to quino- 
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lino (iorivativos. Like alkylindoles, on fusion with alkali it fs,ivo& an indolecar- 
boxylic acid (sec* p. 67 an<l ZancUif Bor. 26, 2006). The pheuylh 3 ^drazone of 
2-tnethyl-] -cycloliexanoiie is condensed by alcoholic zinc chloride to a carbazol- 

enine, N<x I , analogous to the indolenines (p. 63). Tetrahydrocar- 

^C6H8(CH8) 

bazolecarboxylic acid, m.p. 230°, is tonned from the pheiiylhydrazone of cyclo- 
hexanonecarboxylic acid {Haeycr^ 'ridein, Her. 22, 2185). Hexahydrocarbazole, 
carbazoline, CaHi. .. CeHio, cis-forin (?), rn.p. 99°, b.p. 267°, trana-fonn, 

m.p. 127° {Gurney, Perkin, Plant, J. 1927, 2676), is obtained by heating carbazole 
or its less hydrogenated derivatives with phosphorus and hydriodic acid. Al¬ 
though carbazole itself is catalytically hydrogenated with difficulty, the N-alkyl- 
carbazoles take up h 3 "drog(‘n immediately. Telrakydro-, hexahydro-, octahydro- 
and decahydro-9-alkylcarbazoles are so prepared {v. Jiraun, Ritter, Ber. 55, 3792). 
Like the hydrogenatt‘d pyrroles and indoles (p. 71) the hydrogenated carbazoles 
are strong bases (Graebe, Glaser, Ann. 163, 352). 

In preparation and properti(‘S the higher ring s 3 "stems, cont aining naphthalene, 
anthracene, and pluMiant hretK^ rings, such as 1,2-benzocarbazole, 2,3-benzocarba- 
zole, 3,4-benzocarhazole, and l,2,3,4-dibenzocarl)azole, are much like carbazole. 

Derivatives of dibenzarsenole, <he arsimic analogue of carbazole: 

,;:'N 

H 

are known {Aeschlvnann, Lees, McClelland, Nicklin, 127, 66). 

FIVE-MEMBERED RINGS WITH SEVERAL HETERO 

ATOMS 

Five-mernbered rings containing two oxygen or sulfur atoms, not adjac(‘nt, 
occur in these compounds: the acetals and mercaptals of ethylene glycol, such 
as ethylene ethylidene ether {2-methyl-lL ,S-d'ioxolane) (I) and ethylene ethylidene 
disulfide {2-methyl-l,S-dithiola7ie) (11), the ethylene ester of hydroxy formic acid, 
l,S-dioxolan-2-one (ill), and its sulfur analogue, l,H-dithiolane-2dhione (IV), 
and the ethylidene esters of a-hydrox 3 ^ acids, such as the ethylidene ester of lactic 
acid {2,5-dimethyl-\ ,3-dioxolanA‘one) (V) and its chlorination product, chlo- 
ralide (VI). 


CHj 

-Ov 



ClI,- Ov 


CHsCIl—Ov, 


1 


X’HCHa 

(III) 

i Vo 

(V) 

(io-o^ 

>CHCH, 

CHj- 

-0^ 


CHr-Q/ 


CHj- 

1 

-Sn 

>CHCH3 

(IV) 

CH 2 —Sv 

1 Vs 

(VI) 

CCUCH—0^ 

io-0^ 

>CH-CClj 

CH,- 

--S/ 


CH 2 —8/ 




These heterocyclic compounds are closely related to aliphatic compounds, and 
most of them have been described in Volume I. 

AZOLES 

The compounds with five-membered rings containing several hetero 
atoms, at least one of which is nitrogen, the rest being oxygen, nitro¬ 
gen, or sulfur, are called azoles (Hantzsch, Ann. 249, 1; Freund^ Kuh, 
Ber. 23, 2823). The most important of the azoles are those whose 
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hetero atoms are all nitrogen atoms, or all nitrogen atoms but one; 
these may be considered as being derived from furan, thiophene, and 
pyrrole by the replacement of methine groups by nitrogen atoms, 
which influences the stability of the rings very little (see p. 4). 


(The l(‘Ra common jiames are enclosed in brackets) 



Furan Thiophene Pyrrole 


CH--=Nv 

CH=Nv 

CH-=Nv 

1 >0 

i >S 

1 >NH 

CIT-CH/ 

CH--:CIK 


[] ,2-Azoxolo 1 

11,2-Azthiole ] 

|l,2-T)iaz.>l«^l 

Isoxazole (p. 118) 

Isodiiazole (j). 123) 

Pyrazole (p. 91) 

/ 

tu 

1 


N=C.TIv 

J 

J 

1 

CH-uCH/ 

CII---CTK 

CTI--CH/ 

[],3-Azoxol(d 

[1,3-Azthiolel 

[l,3“Diazole] 

Oxazolo (p. 136) 

Thiazole (p. 140) 

Imidazole (p. 124) 

CH--Nv 

CH-N. 

l-H 

il 

1 >0 

i > 

1 >NH 




11,2,5-Oxadiazole] 

1,2,5-Thiadiazole 

2,1,3-Triazole 

Furazan (j), 160) 

IPiazt.hiole] (p. 169) 

[Osotriazole] (j). 147) 

Nv 

N - N\ 

N - Nv 

J >0 

1 >s 

1 >NH 

cn-=ciK 

CIT-CH/ 

cn-:CJH/ 

1,2,3-Oxadiazolo 

1,2,3-Thiadiazole 

1,2,3-Triazole 

(l)iazoxidej (p. 165) 

(p. 168) 

(p. 147) 


N-CHv 


1 >0 

1 >s 

1 >NH 

N—CH/ 

N-=C^H/ 

N=-CH/ 

1,3,4-Oxadiazole 

1,3,4-Thiadiazole 

4,1,2-Triazole 

[Oxbiazolej (p. 163) 

(p. 166) 

(p. 153) 

N-=CHv 


N—-CHv 

1 V 

1 

J >NH 

CH==--N/ 


CH—N/ 

1,2,4-Oxadiazole 

] ,2,4-Thiadiazole 

1,2,4-Triazole 

[Azoxime] (p. 162) 

fAzosulfimo] (p. 165) 

(p. 153) 

N=Nv 

N-=Nv 

N=:Nv 

1 >0 

1 >S 

1 


CH-=N/ 

CH--N/ 

] ,2,3,5-Oxatriazolc 

1,2,3,5>Thiatriazole 

2,l,3,4-Tetra£ole 



(p. 169) 

N-=:CHv 

N--CHv 


1 >0 

1 > 

1 >NH 

n==n/ 

N==N/ 

n==n/ 

l*2,3,4-Oxatriazole 

1,2,3,4-Thiatriazolo 

1,2,3,4-Tetraz<)le 

(cj. Freundf Schwarz, 

[Triazsulfole] (p. 169) 

(p. 169) 

Ber. 29, 2492) 
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For some of these compounds trivial names, such as pyrazole and 
furazan, are used, but most of them are designated according to the 
number and kind of the hetero atoms in the ring: oxazole, thiadiazole, 
triazole, and so forth. In the classification on page 89 the azole ring 
systems obtained by replacement by nitrogen atoms of the methine 
groups of furan, thiophene, and pyrrole are shown. The nomencla¬ 
ture and numbering follow the rules given in the introduction (p. 8). 

Not all of the parent compounds of these ring systems are known. In several 
cases only the homologuos have been reported, in some, only the henzo derivative. 

The final step in the above system, the rtiplacement of the last methine group 
with a nitrogen atom, wliich in the case of pyrrole leads to pentazole: 



has not yet proved possibh*, (r/. CartiuSy Ber. 48, 1614). 

The general ring synthesis of the azol(‘s, similar to that of furan, thiophene, and 
pyrrole, consists in the condensation of nitrogen analogues of l,4-<liketoncs or 1,4- 
diolefin glycols: 


.C=-C(()H), (SH, NIL) •eWk 

J -> J >0, (S, Nil) 

.O-E(OH) 

filyool, heated Furan, thiophene, pyrrole 

alone, with PiSs or with Nflj 


•C-^N(OH), (NIL) 

.i=c(oii), (sn) 

1,3-Diketone oximes (hydrazonea) 



O, (S, NH) 


1,2-Oxa-, thia-, diazoles 


N--C(OH), (SH, NIL) 

•c;-c'(OH) 

Ketonyl amides (thiamides, amidines) 


I >0, (S, NH) 

1,3-Oxa-, thia-, diazoles 


.C:-N(Oil), (NH,) 
.(''^,N(OH), (NH,) 

l,2“l)iketoiie dioii,iines (hydraz- 
oximes, osazonos) 



1,2,5-OxadiHZoles, 2,1,3- 
Triazolcs 


• c—N(On), (NH.) -C^NV 

I -> I >0, (S, Nil) 

N--(;(0H), (SH) N--(X 


Acylaminoalkyl oximes (hydrazi- 1,2,4-Oxa-, thiadiazolos, 1,2,4- 
diues, ihioacylamiiioalkyl oximes) triazoles 


N-.(j(On), (SH, NH2) 
N--C(OH) 


N-<k 

I > 0 , (S, NH) 
N- C'/ 


s-Diacyl hydrazines, heated alone, 1,3,4-Oxa-, thiadiazoUis, 4,1,2- 

with PsSi, or with NH« triazolea 
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. C--C(Oil), (SII, NIL) . C -C V 

I - > I >0, (S, NH) 

N--N(OH), (NIL) N---N/ 

o-Diazophonols (thiophetiols, l,2,:i-Oxa-, tliia-, (riazoloH 

anilines, ete,) 


•C--N(NIL) 

N--N(Oir) 

Diazoliydrazidines 


-> 



Totrazolo 


This Rohematic summary beconu's cl(\aror coiisidcrecl toj^ethcr with the 
individual synthosos describf^d in th(‘ following sections. 

Tlie numerous and iniportiint pyrazoles, with their benzo derivatives, the 
ind'izoles, will be described first. Nkwt will come the isoxazoh^s and their benzo 
derivatives, tlu^ indoxaztmes, followed by the imidazoles, th(^ oxazoles, and the 
thiazoles, each wuth their benzo (l(;rivat,iv(‘.s. In tlie rings containing three hetero 
atoms the triazol(‘s and their benzo derivatives are first, tluni the four groups of 
oxadiazoles and the four groups of thiadiazoles. Finally the thiatriazoles and 
tetrazoles are discusstnl. 


II. FIVE-MEMBERED RINGS WITH TWO HETERO 

ATOMS 

[21 

[3] CH---N -V 

1. PYRAZOLES: 1 >N1I [1] or [N] 

[ 4 ] CIT-CH ' 

Pyrazole, UyH 4 N 2 , Itas the structure of a ftyrrole in which one of 
the mqthiiie grouf)s udjticiait to an Nll-grou]) has been replaced by a 
nitrogen «‘itoni. i\)r further details of the constitution of ];)yrazoles, 
see under 3-inethyl])yrazole, p. 93. Tlio dihydropyi'azoles are called 
pyrazolines, and the tetrahydropyrazoles, pyrazolidines; oxo deriva¬ 
tives of the hydrogenat(;d pyrazoles arc pyrazolones, which include 
the febrifuges antipyrine and pyramidonej pyrazolidones, andpyrazole- 
diones: 


CH 


=N>, 


CU^CR^ 


Pyrazole 


CII 


-N. 

illr CHj/ 

Pyrazolino 


■NH 


CH=--=Nv 
I >NII 

CbL-CO/ 

Pyrazolone 



Pyrazolidine Pyrazolidone 3,5-Pyrazoledione 


PYRAZOLE, m.p. 70°, b.p. 187°, is prepared: (I) from epichlorohydrin and 
hydrazine hydrate with zinc chloride {Balbiano, Ber. 23, 1105; for the course of 
the reaction, see p. 93), (^) from the acetal of propiolaldehyde, HC i C • CII (OR)*, 
by boiling with aqueous hydrazine sulfate {Claiseiiy Ber. 36, 3666); {3) from its 
carboxylic acid (p.99) by decarboxylation {Biickncr, Paper/fi^^;c/c, Ann. 273, 232; 
Buchnery v. der Heidey Ber. 34, 348); {/f) from pyrazoline (p, 101) with bromine 
{CurtiuSy Beri 29, 775); (d) from acetylene and diazomtHhane: C 2 H 2 + CH*Nt 
= C 8 H 4 N 2 (cf. pp. 100,102 and v, Pechmanriy Ber. 31, 2950); and (6') from mono- 
brornocthylene and diazomethanc, the unstable bromopyrazoline being formed 
first {Oliveri-Mandalay Gazz, 40, 1, 117). It is a weak base, forming unstable 
salts. It does not add methyl iodide. Ammoniacal silver solution precipitates 
the silver salt CsH 8 N 2 Ag, which corresponds to the potassium salt of pyrrole> and 
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reacts with methyl irtdide to ^ve N-methylpyrazole (p. 94) or its methyl iodide 
addition product. The platinum double salt ((’3H4N2'HCl)2PtCl4;2H20 is 
converted at 200 210“ by loss of 4 mols HC'l to (C'sIJ3N2)2PtCl2 (Balhiano, Atti 
accad.Lineei 1892, II, N-Acetylpyrazole, b.p. 15(5°, and N-benzoyl- 

pyrazole, b.p. 281 from pyrazole and acolyl chloride or benzo>l chloride (Knorr^ 
Ber. 28, 710). 

HOMOLOGUES OF PYRAZOLE are formed by these metiiods: 

1, From the hydrazones of jd-dikeiones and jS-oxo aldehydes or 
hydroxymethylene Jcetones; these hydrazones are obtained from 
hydrazines and /3-dioxo (iompoiinds by splitting off water or from hy¬ 
drazines and a-acetylerie aldehydes or ketones—C—C—CO—by addi¬ 
tion {Moureuj Brachirij C.r. 136, 1262), but they cannot usually be 
isolated, since they lose water quickly to form pyrazoles: 


aHfiCOCH-rCCXms 

+ 

NHs-NHCeHj, 


CdhCClhCOCJh 

II 

N-NHCeHfl 


CeHaCrCCOCeH, 

+ 

NH^-NIIOelifi 


C6Hfi(^CH2•C()(yl^, 


N-NHCoHt, 


CJIsCCH.-CCII, 
I -ll-CeHs 

1,3-Diphenyl-5- 
methylpyrazole 


C6H6CCH:CCeH5 


N-N-C«H6 

1,3,5-Triphenyl- 

pyrazole 


Unsymmetrical ^-dioxo (iompounds yield two isometric pyrazoles, since both 
possible hydrazones are fornud. In the example given above, l,6-dipheuyl-3- 
methylpyrazole is produced in the same reaction which gives 1,3-diphenyl-5- 
methylpyrazole. The formation of pyrazoles by the reaction of hydroxymeth¬ 
ylene ketones and their derivatives with aryl and alkyl hydrazines has been thor¬ 
oughly unvostigatod; in this reaction also, the isomeric pyrazoles are produced 
{v. Aimers, Ber. 59, 1285; v. Auwers, Mauss, Ann. 452, 182). 

The reaction of unsymmetrical acetylene ketones or acetylene aldehydes with 
phenylhydrazine also gives two isomeric pyrazoles. Which one is formed in greater 
quantity depends on the first phase of the reaction, which is often not clear. It 
may be assumed that both the following reactions take place simultaneously: 


Ri-CiCCEa 

1 


Primary 


hydrazone 
f urination 


R.CrCHCRs 


C,H. 




-N 


Ki • C : C • CO • R 2 Primary 
addition 


H2NNH-Celle 


to the 
triple bond 


RrCCH2COR2 


NNHCeHe 
RrC—CH:C-R 2 

I- 


Another pyrazole synthesis, analogous to this one, consists in the action of al¬ 
kyl- or arylhydrazines on a-halogenated, unsaturated aldehydes, or ketones of 
the type R*CH:CBr•CO R {v. Auwers, Brochc, Ber. 55, 388(3; v. Auwers, 
Schmidt, Ber. 58, 528). 

From oxalyl diketones and phenylhydrazine di'phenyldialhyUZ,^'-bi'pyrazoles, 
RC-^CH-C—C—CH-=CR 


If- 

296). 


■NC,H 


, are obtained (Claisen, Roosen, Ann. 278, 


2, From the corresponding pyrazolocarboxylic acids (p, 100) by decarboxyla¬ 
tion. 


8. From pyrazolines (p. 102) by removal of two hydrogens. In many cases 
reactions which should produce pyrazolines give pyrazoles, as in the action of 
hydrazinee on epichlorohydrin (c/. pyrazole): 
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CHr-CH~CH,Cl + 

\o/ 

Epichlorohydrin 


CHo-CH-^H 


~2H 


Nil- 


-N.C«H6 


2-Phenyl*3-pyrazoline 

CH—ch=c:h 

I- 


-NC,Hb 

l~Phcnylpyra»ole 


If., From pyrazolones or ])yrazolidon<is by heatini^ witli phosphorus tribrom^e 
under pressure {Stoermer^ Martiiisen, Ann. 352, 322) or by distillation with zinc 
dust or PzSs {Knorr, Duden, Ber. 26, 103): 


CHa—CO 


CHsC- 




> 


►N CcH 6 


l-Phenyl-3-inethyl-5-pyrazolono 


C^H-CHv 
I >NC6H6 

CHrC=---N^ 

]-Phetiyl-3-m(’l hylpyrazolc 


These oxo derivatives of pyrazolc can also be converted by POC/ls to chl()rinated 
pyrazoles, from which the chlorine cfin be eliminated by reduction (MichacliSf 

Rohmer, Bor. 31, 2907). ^ v j-i 

6. From some hydrazones of rnonok(d.oiies by heating with acid anhydrides: 

OII. C=N- NHCyU V 

I + ((;il3(’0).0-»■ >N0«H6 + CHjCOOH 

Phenylhydrazone of acetone l-Phenyl-3,5-dimcthylpyrazole 


Behavior .—All hornologues of pyrazole are weak bases which form double s^ts 
with silver nitrate, mercuric chloride, and platinum chloride. Like the Pt- 
double salt of pvrazole their Pt-doubh^ salts lose four molecules of HCl when 
heated. leaving UaPtCb (K =- pyrazole radical). With alkyl iodides they usually 

form pyrazolium compounds (see p. 95). 

Potassium permanganate oxidiziis C-alkylpyrazolos to pyrazouyearboxyhe acids, 
unlike the alkylpyrroles, w'hich arc dtistroyod by this reiigent {Knorr, Laubmann, 
Ber. 22,172). In N-phenylpyrazoles the phenyl group is often split off by oxida¬ 
tion, and Hiplaced by hydrogen, especially if the phenyl group is aminated. 

Reducing agents have little effect on pyrazoles with free imine groups {Buchner^ 
Fritsch, Ann. 273, 266). N-Phenylpyrazoles are reduced to pyrazolines (p. 
101), which give color reactions with FeCb, chromates, and the like (Knorr^s 
pyrazoline reacMofi ); energetic reduction often splits the N N bond, producing 
l,3-propanediami7ie derivatives. In several N-phenylpyrazoles reduction splits 
off the phenyl group as benzene or the like. 

For spectroscopic data on pyrazoles, see v. Auwers, Ann. 437, 36, 63. 

Pyrazoles with free imine hydrogens: 3 (5) -methylpyrazole: 


CHrCr-N—NH 

H(i== 


(Ih 


CH,C—NH—N, 

H(!-(!h 


oil, b.p. 204 is formed: (1) from hydroxymethyleneacetone and hydrazine 
{v. Auwers, Broche, Ber. 55, 3898) ; ' (£?) from its carboxylic acids; (3) from 1- 
phenyl-3-methylpyrazole and from l-phenyl-5-methylpyrazole by oxidative 
moval of the plienyl group (Knorr, Ann. 279, 217) . Since it is impossible to ob¬ 
tain the isomeric 3-methyl and 5-methyl deriys. from the corresponding 1-phenyl- 
methylpyrazoles, it must be concluded that in pyrazoles with free imine groups 
the 3- and the 5-positions are equivalent. To explain this, Knorr assumes that 
pyrazole, like benzene, contains movable bonds,** so that the imine H oscillates 
between the two N atoms {Knorr, Ann. 279, 188; cf . Buchner, v. d. Heide, Ber. 35, 

31). 3,5-Dimethylpyrazole, NH• N;0(CH,)• ChT^ 1(CH,), m.p. 107», b.p. aM” 
from acetylacetoiie with hydrazine, and from l“phenyl-3,5-diinethylpyrazole by re¬ 
duction (removal of the phenyl group: Marchetti, Atti accad.Lincei 1891, II, 372; 
Bladin, Ber. 25, 744). 3,4-Dimcthylpyrazole, m.p. 58 % from hydroxymethylene- 
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ethyl methyl ketone and hydrazine sulfate (v, Auwers, Kohlhaas, Ann. 437, 36). 

3,4,r>-Trimethylpyrazole, NH—N-==( 3 (CH 3 )-C(CH 3 )= 6 (CH,), m.p. 138°, 
b.p. 233°, from methyhicetylac(itone. 3,4,4,r)“Tetramethylpyrazole, 

N--~C(CH 3 ) -C(C/IT,,).. -CTCIl 3 )“N, m.p. 50 -35°, b.p. 243°, from dirnethyl- 
acctylacetorie, i.s derived from the methylene form, which is rare in the pyrazole 
series (OHtuiger, Ann. 279, 244; Knorr, (Mlingcr, Ann. 279, 247). 3(5)- 

Phenylpyrazole, m.p. 78°, is pn^pared from Ixmzoylacetaldehyde, from its car- 
boxylif^ a, id atid from the: corr(‘S])ondinp: j)henylpyrazoline (p. 102) {Knorr, Ber. 
28, 696; Biichn.cr, Hachurnlan, Ber. 35, 37, 42); the isomeric 4-phenylpyrazole, 
m.p. 223°, is obtained from the corresponding phenylpyrazoline or from its dicar- 
boxylic acid (p. 100 find Behaghcly BuchnrVy H(n\ 35, 34). 3,5(5,3)-Phenyl- 

methylpyrazole, m.p. L2S°, b.p. 317°, from Ixmzoylacetoncf (Sjollenidy Ann. 
279, 248) or from ;ic(4ylplienyia(;(ftylen(‘ (Mou.rcu, Brac.hiiiy O.r. 136, 1262) or 
from phenylmetliylisoxazohf (j). 120) by heating with alcoholic NIR ((joLdachmidt, 
Ber. 28, 2952). 

N-Alkj/I- and ^ -tn'glpjfrazolr.,s arc prepared either by alkylation of pyrazoles 
with free imiiKi liydro^en, whicli is accomplished by tre:itment of thoiV alkali 
or silver salts with alkyl iodides, dirneihyl sulhite, or methyl p-tolnenesulfonate, 
or by th(^ action o( alkyl- and arvlhydnLziness on 1,3-dioxo compounds (see p. 
92). Becfiuse of tluf ecpiivfik'nce of thi‘ two nitro^<(Mi jitoms in f)yriizole, alkyla¬ 
tion ol fi 3-substitul('d pyr.azohf results in the formation of both a 1,3- and a 1,5- 
disubstitut(Hl d(M'ivat ive : 


HE- (Ml 

I I 

lie NCH., 


N 




lie—C-ll 

OHj +11 + c;ii,,i 

lie N 


J NJ 

V/h 


> II II 

lie N 

V/ 

N 

I 

CAU 

1,3-Dorivative 


The ratio v)f the yields of (hi^ two produe.ts is ^rc'fit ly influenccal by th(‘ substituents 
already i)res(mt in the ririe; (c. Auwers, Hollniunn, Ber. 59, 6(11, 1282; Bojahn, 
Ber. 59, 607; /;. Auwers, Btuhlmanu, Bm*. 59, 1043; v. Auwers, Bahr, J.pr. 116, 
65). For th(^ dc'terrnination of const itut ion t luf molecular ridraet ion is useful, since 
the specific (exaltation (E) is consistently lower fora 1,5-d(ai vatlve than for a 

1.3- d(n*i/ative, (tspcfchilly if one substituent, is phenyl |c. Auwers, Krnsl, Z.physik. 
Chein. 122 (1926), 217]'. 

N-ALKYLPYRAZOLES: 1-Methylpyrazole, b.p. 127°, from the silvan* salt 
of pyrazole and methyl iodide* (Buckner, Ann. 273, 214; Knurr, B('r. 28, 716); 

1.3- dimethylpyrazole, b.fi. 13t)° (v. Auwers, Broche, B(*r. 55, 3898); 1,3,5- 

trimethylpyrazole, ((UI,) 2 (•iHN/H.i, m.p. 37°. b.p. 170°. 1,3,4-Trimethylpy- 

razole, m.p. 118° (v. A uwers, Kohlhans, Ann. 437,36). 1 -Ethyl41,5-dimethylpy- 
razole, b.p. 172° (v. Awivers, Daniel, J.pr. 110,249). 1-Ethyl-5-methylpyrazole, 

b.p. 161 °,and 1-ethyl-3-methylpyrazole, b.p. 152°, from thec<irr(^sponding3-or 5- 
(jarboxylic acids (c. yl///ccr,s*, 11 oilmanti, B(T. 59, 606; v. Auwers, MausolJ, Ber. 
60, 1730). 1,3,5-Trimethylpyrazole and 1,3,4,5-tetramethylpyrazole, (CH,),- 
CaNj-ClIs, b.p. 190-193 , are prepared from a(;etyla(aitone and methylacetyl- 
acetone with methylhydrazine (Knorr, Ann. 279, 232, 235). l-Methyl-5- 
phenylpyrazole, b.p. 118° (12 inrn.); l-methyl-3-phenylpyrazole, m.p. 56°, b.p. 
138° (12 mm.) (n, Auwers, Mavsol60, 1730). l-Ethyl-5-phenylpyrazole, 
b.p. 129° (12 mm.); l-ethyl-3-phenylpyrazole, b.p. 146° (12 mm.). 

N-PHENYLPYRAZOLES: 1-Phenylpyrazole, m.p. 11°, b.p. 246°, d = 
1.1125, is obtained from epichlorohydrin or the acetal of propiolaldehyde (Claisen, 
Ber. 36, 3660) with plienylhydrazine (sc^e jibove), or from 1-phenylpyrazolone or 
its carboxylic acids; on redmdion it yields phenylpyrazoline and N-phenyltri- 
methylcnedifuninc). 1-Tolylpyrazole, m.p. 33°, b.i). 259°, reduces to N-tolyl- 
trimethylenediamine (Balhiano, Gazz. 18, 354). 1-Phenyl-3-methylpyrazole, 

CftHj'N—N=C(CH 3 )—m.p. 37°, b.p. 255°, methyl iodide addi¬ 
tion product, m.p. 144°, from phcnylmethylpyrazolone (see p. 104 and Knorr, 



PYRAZOLE GROUP 


95 


Ann. 238, 203; Andn’oc.c'iy Atti acc.ad.Linrci 1898, I, 269), and from hydroxy- 
met.hyleneaoetono, tofj;other with the isomeric 1-phenyl-5-methylpyrazole, 

(11 oil, 263°, nioUiyl iodide .■iddilioii pniduct, 

m.p. 250*^ {Sloermerf Marti,usruy Ann. 352, 333). 1-Phenyl-4-methylpyrazole, 

CfrHsN—N---CH—C'((dl 3 )'~(^H, b.j). 266°, from th(^ nu^fliyl iodide addition 
product of l-pheiiy]pyrazol(^ by rearrangement (JialfimnOy MarchvUi, Atti aeead. 
Lincei, 1893, 1, 114). 1-Phenyl-3,5-dimethylpyrazole, b.jn 273°, from acetyl- 

acetone, when reduced yields benzem' and dimetliylpyrazole (p!i|^(^ 93), besides 
l-tetrahydroi)henyl-3,r)-dinK.‘lJiylpyrazoIe; the latter decomposes on oxidation 
to dirnethylpyrazole and adipic acid {M archvtliy Atti aeead.Lincei, 1893, I, 44). 
1 -Phenyl-3,4-dimethylpyrazole, b.p. 285°, from 1-phenyl-3,4-dimetliylpyrazolone 
(StoermeTy Ma.riinsniy Ann. 352,330), and from liydroxymelhyKan'othyl methyl 
kelone, CH(On) iC^CHg)‘CXl-CFU, {v. Auirertiy Kohlliaafi, Ann. 437, 36). 

1-Phenyl-4,5-dimethylpyrazole, b.p. 141 (11 mrn.) (v. Auurrtfy Kohlhaas, Ann. 
437, 36). l-Phenyl-3,4,5-trimethylpyrazole, b.p. 287 290° {MrConnarty Her. 
37, 3525). 1,3-Diphenylpyrazole, m.p. 56°, b.p. 337°, from benzoylaeetaldehyde 
{CLaUn}y Fischery Her. 21, 1135); 1,5-diphenylpyrazole, m.p. 54°, b.p. 340°, 
from its carboxylic acid (BmMcr, Iha*. 25, 3145). Botli 1,3-diphenyl-5-methyl- 
pyrazole, and 1,5-diphenyl-3-methylpyrazole ocanir in a labile and a stable form, 
rn.p. 47° and 77°, and m.p. 63° and 72°; Ihis isoiiH'iism is a polymorphism 
(/'. Auwersy SrJinurn, Her. 62, 1671). 1,3,5-Triphenylpyrazole, m.p. 140°, from 

dibenzoylim^Uiane or })ouzoylph(‘nyla.celyl(aie {Mourciiy Jirachin,, (^r. 136, 1262; 
KriorTy Lauinnana, H(‘r. 21, 1205), or from its 4-(;arboxylic acid by h(;ating 
(Minnnni, (FUrso, Gazz. 58, 691). 1,4,5-Triphenylpyrazole, m.p. 212°, from 

its carboxylic acid {BiscJdery Her. 26, 1881). For the formation of 1,3,4-tri- 
phenylpyrazole, m.p. 185°, by th(‘ decomposition of 1,3,4,6-Udraphenyldihydro- 
pyridazirie, see Smith, Ann. 289, 332. 

N-ACYLPYRAZOLES are obtained from the acid cldorides of the corresponding 
acids and the free pyrazolo or its Na or Ag salt. The acylation of 3!5)-alkyl- 
pyrazolos is analogous to their alkylation (s <‘0 above', and c. Ainocrs, J.pr. 110, 
153). 

N,N-DIALKYL- or N-ARYL-N-ALKYLPYRAZOLIUM COMPOUNDS. 
Alkyl halides react with 1-alkyl- or l-aryli)yraz()I(xs to form 1,2-dialkyI- or 1- 
aryl-2-alkylpyrazolium compounds. The resulting com))ound is atypical quater¬ 
nary ammonium compound; 


■HG-C. 06145 

N-cir, 

Y 


in, 


1,2-Dimethyl-3-phcnyli)yrazoliuin if)dide 


This method of writing thv, formula also indicatexs tliat tlie identical quaternary 
pyrazolium salt is obtaine^d from propyl iodide and 1-ethyl-3,5-dimethylpyrazole 
(1) and from ethyl iodide and l-propyl-3,5-dimcthylpyrazole (II) (p. Auwers, 
Daniel, J.pr. 110, 153): 


lie—CCH, 
CH,(*i I 

(I) Y 


+ C,H,I 


r HC—C-CH,- 

I I 

CHrC N-C,H, 

\/ 

N 




hc=c-ch, 

NC,H, 

'V 

N (II) 


When the pyrazolium compound is heated, that N-alkyl group which is less 
firmly bound is split off as alkyl halide. The strength of the N-alkyl bond in¬ 
creases in this order: allyl, benzyl, ethyl, methyl. This reaction can be used for 
the preparation of certain N-alkylpyrazoles, but difficulties are encountered in 
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many cases. If the two alkyl groups on the nitrogen atoms are hold with approxi¬ 
mately the same energy, both split olT, leaving a mixture of products; also, the 
alkyl groUf>K an^ af)t to wander during fhe reaction {v. Ai/.wers, Hroche, Ber. 55, 
3888). Thus, wlum l-beiizyl-2,3-dimethylpyrazolium iodide is heated, 1,3- 
dimethylpyrazole is obtained, instead of the expected 1,5-derivative. 

The methyl iodide addilion products of N-alkyl- and N-arylpyrazoles decom¬ 
pose when boiled with aciueous potassium hydroxide solution, giving symmetrical 
dialkylhydrazines {Ktiorr, Kohler^ Ber. 3Q, 3257; Kiiorr, Weidcl, Ber. 42, 3523); 


CH< 


X)II--NCHJ 

\ I 

XTI-~NCH3 


KOH 


HNCHs 

HNCHs 


HALOGEN-, NITRO-, NITROSO-, AMINO- and BENZENEAZOPYRA- 
ZOLES, PYRAZOLESULFONIC ACIDS. Pyrazole and its homologues have a 
decidedly “aromatic” character, whicli is apparent in their tendency to substitu¬ 
tion reactions similar to those in the benzene series (see also pyrazole ketones). 
Halogen replaces th(5 hydrogen atoms of pyrazole; bromine substitutes most 
readily, attocking the 4-position first. C3iloropyrazoles are also formed by the 
action of phosphorus oxychloride on pyrazoloru‘s. 

When pyrazole is sulfonated or nitrated, tlu^ nitro or sulfo groups enter the 
pyrazole nucleus. N-PheuyIpyrazol(‘s are nitrated and sulfonated in the phenyl 
nucleus. N-Nitrophenyl- and N-suIfophcnylpyrazoles are also prepared oy us¬ 
ing nitrophenyl- and sulfophenylhydrazines in the pyrazok* synthesis {Claisen, 
Roosetif Ann. 278, 296). In the nitropyrazoles, the basic nature of pyrazole is 
offset by the a(;idity of the substituting group; these compounds are acids, and 
form stable salts with sodium, potassium, and other metals. 

Nitropyrazoles are reduced to aminopyrazoles, which are somewhat similar to 
aromatic aminos in behavior. Aminopyrazoles are also obtained from the hy- 
drazides, azides, and urethanes of pyrazolecarboxylic acids by tlu; Cur Huh reaction 
(Vol. I), and by the action of hydrazines on the nitriles of /3-oxocarboxylic acids, 
cKy/S-acetylenecarboxylic acids (Moureu, Lazennee, C.r. 143, 1239) and malono- 
nitrilo. Nitroso- and benzeneazopyrazoles are synthesized from isonitroso- and 
benzeneazo-i3-diketon(!H with hydrazines. 

4-Chloropyrazole, m.p. 77°, is formed by the action of sulfuryl chloride on 
pyrazole in ether (Mazzara, Borgo, Atti accad.Lincei f5l 15, I, 704). 4-Bromo- 
p 5 rrazole, m.p. 97°; 1,3,5-triphenyl-4-bromopyrazole, m.p. 142°; 3-methyl-5- 
chlor^yrazole, m.p. 116 °, b .p. 138 ° (15 mm.), from the corresponding pyrazolone 
with POCls {v. Auwers, Nierneyer, J.pr. 110, 179), N-alkyl derivatives {loc. cit.f 
p. 164); l-phenyl-3,4,5-tribromopyrazole, m.p. 107°; 4 -iodop 3 u-azole, m.p. 108° 
from pyrazole-4-diazonium chloride and KT {Buchner^ Ann. 273, 214; Knorr, 
Ber. 37, 3522); 1-phenyl-4-chioropyrazole, m.p. 76° {Wolfft Fertig, Ann. 313, 
21); 3-phenyl-5-chioropyrazole, m.p. 142° (Michaelis, Ann. 352, 159), alkyl 
derivatives {v. Auivers, Manss, J.pr. 110, 221), acyl derivatives (loc. cit.f p. 
229); 1-phenyl-5-chloropyrazole, 1-phenyl-3-methyl-5-chloropyrazole, b.p. 142° 
(9 ram.), and l-phenyl-3,5-dichloropyrazole, m.p. 26°, b.p. 171° (16 mm.), 
from 1-phenyl-5-pyrazolone, l-phenyl-3-methyl-5-pyrazolone, and phenyl- 
hydroxypyrazolone (MichaelUy Hohmerf Ber. 31,3003; Michaelis, Ann. 320, 28). 
1-Phenyl-5-methyl-3-chloropyrazole, b.p. 170° (15 mm.), from l-phenyl-5- 
methyl-3-pyrazolone (p. 108). 

4-Nitropyrazole, m.p. 162°, is synt.lu^sized from hydrazine and iiitromalonalde- 
hyde; 1-phenyl-4-nitropyrazole, m.p. 127°, is synthesized from phenylhydra- 
zine and nitromalonaldehyde IHillf Torrey, Am. Chera. J. 22 (1899), 89). 
3-Methyl-4-nitropyrazole, m.p. 134°, b.p. 325°, from methylpyrazole or 3- 
methyl-5-pyrazolecarboxylic acid with nitric acid-sulfuric acid {KnorCf Ann. 
279,228). 4-Nitro-l,3,5-trimethylpyrazole, m.p. 57°. 3,5-Dimethyl-4-nitroso- 
pyrazole, blue needles, m.p. 128°, and 1-phenyl-3,6-dimethyl-4-nitrosop3rrazole, 
green platelets, m.p. 94°, are prepared from isonitrosoacetylacetone (Vol. I) with 
hydrazine and phenylhydrazine; the second compound is oxidized by nitric acid 
to 1-phenyl-3,5-dimethyl-4-nitropyrazole, m.p. 103° {Wolff, Ann. 325, 192; 
Sachs, Ahilehen, Ber. 40, 664). 

4-Ammop3rrazole, m.p. 81°, readily sublimable, is obtained by reduction of 4- 
nitropyrazole with zinc dust and acetic acid, and by the decomposition of 1- 
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NHCOC--NHv 

pyraz()Io[4,3-J]pyriii>idirie-5,7(4,6)-<lione, I | which is ob« 

CO•N^^(^ ^ 

tained from amiuomothyluracil with N 2 O 3 (WoUerSi Ann. 323, 2X] ; Knorr^ Ber. 
37, 3520); it is also prepared from tlio ethyl ester of 4-aniinopyrazole~Sf5-dicar’- 
boxylic acidf m.p. 144 {BrrlhOf Xiissely Ann. 457, 288), by saponification and 
decarboxylation. It is readily soluble in water, the sohitioji, especially if it is 
made alkaline, rapidly absorbs oxygen from the air, turning dark; picrate, m.p. 
1903(5)-Aminopyrazole, b.p. 282*^, and 3,5-diaminopyrazole, dibenzoate 
m.p. 207°, which are obtained from the pyrazolecarboxylic acid azides, are more 
stable than the 4-amirio derivative. l-™enyl- 34 niethyl- 5 -aminopyrazole, m.p. 
116°, is formed from acc^tylacetonitrile and phenylliydrazine, and also from anti- 
pyrino chloride by heating wdth ammonium carbonate (Michaelis, Ann. 339, 
134). 1 -Phenyl-3-ethyl-4-methyl-5-aminopyrazole, m.p. 81 °, from a-propionyl,- 

propionitrile, C'^TUCXJCII (CH 3 )CN, ana phenylliydrazine. 4-Amino-l,3,5- 
trimethylpyrazole, m.p. 103°, by reduction of nitrotrirnethylpyrazole. Nitrous 
acid converts aminoiiyrazoles into stable diazoniurn salts, w liicji do not decompose 
in boiling water; like the aromatic diazoniurn salts, they couple with aromatic 
amines, phenols, and the like to form azo dyes. t 

Other benzeneazopyrazoles, sucJi as 1-phenyl- and 1-phenyl-5-methyl-4- 
benzeneazopyrazole, C 6 HiN:NC 3 H 2 N 2 C'6H6, m.p. 124°, and C6HfiN:NC8H- 
(CH 8 )N 2 -C 6 Hb, m.p, 112°, have been syntlu'sized from the benzeneazo derivatives 
of malondialdebyde and of aeetylacctaldehyde with phenylliydrazine; 1-phenyl- 
3-methyl-4-benzeneazopyrazole, m.]i. 126°, from phenylmetiiylbenzeneazopyra- 
zolone (p. 105) (Michadis, Leonhardt, Ber. 36, 3597; Clais(m, Ber. 36, 3669). 
1,5-Diphenyl-3-methyl-4-benzeneazopyrazole, in.i). 136°, from phcnylmethyl- 
triketone (Vol. Ill) wdth phenylliydrazine (Sachs, Rohmer, Ber. 35, 3317). 
1-Phenyl-3-methyl-5-benzeneazopyrazole, m.p. 62°, from phenylhydrazinopyrine 
(p. 107), by oxidation wit h HgO and subsequent heating (Michaelis, Kohert, Ber. 
42, 2765). 

Methylpyrazolesulfonic acid, C.iH 2 X 2 (Cdr 3 )(SO 3 H), m.p. 258°, from methyl- 
pyrazole and fuming sulfuric acid (Knorr, Ann. 279, 230). 

PYRAZOLOLS. The pyrazolols are desmotropic with the oxopyrazolines or 
pyrazolones (p. 103): 


CH-C(OIT):CIl 

Enol Form || | 

N-~NH 

4-PyrazoIoI 

CHCOCIia 

Keto Form {| | 

N-NH 

4-Oxo-2-pyraz(jline 


(^H 011:0(011) 


N- 


NH 


5*Pyrazolol 

OHCH 2 CO 


N-Nil 

5-Pyrazolf>ne 


O(OIJ) 011:011 


N-NH 

3-Pyrazolol 


CO OH:OH 

Ah-.-Ah 

3-Pyrazolone 


The hydroxyl form of 4-pyrazolol appears to be the more stable one, since it 
gives, especially in aqueous solution, the reactions typical of enols (Bertho, Nussel, 
Ann. 457, 294), and is readily converted by phenjd isocyanate to a urethan, and 
by benzoyl chloride to a benzoic acid ester. On the other hand, wdth diazoniurn 
compounds and with N 2 O 3 it forms benzeneazo and isoiiitroso compounds (Wolff, 
Ann.313,1). With alkylating agents 3- and 5-pyrazolones yield, nesides the iso¬ 
meric N-alkyl derivatives (antipyrines), alkoxypyrazoles; w ith acid halides they 
give esters of pyrazolols. With alkyl iodides the alkoxj'pyrazoles form addition 
products, w4iich are identical with those obtained from antipyrines and alkyl 
iodides; when warmed alone or with alkali, these products are converted to anti- 
pyrines. The esters of pyrazolols also give alkyl iodide addition products w^hich 
decompose to antipyrines (Himmelhauer, J.pr. 54, 177; Stolz, J.pr. 55, 145; 
Kn.orr, Robe, Ann. 293, 42; see also Michaelis, Pasternack, Ber. 32, 2399). 
Alkoxypyrazoles are also prepared by the splitting off of w^ater from the hydra- 
zones of /5-oxo carboxylic acid esters witli special reagents. 

For 3- and 5-pyrazolols, see under pyrazolones. 

4-PYRAZOLOLS can be prei)ared by the action of aliphatic diazo compounds, 
especially diazdacetic ester, on compounds w^hich enolize readily, such as the 
diethyl ester of malonic acid (Bertho, Nussel, Ann. 457, 284): 
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no • C-C • COOCjH* 

J| II + C2H.OH 

H 6 C 2 OOCC. /N 

11 

4-Hydroxypyraeole-3,6- 
dicarboxylic acid ester 

This reaction is analogous to the formation of pyrazolines from ethylene deriva¬ 
tives and diazoacetic ester, and to thgsynthesis of l,2,3-triazol-5-ols from phenyl- 
azide and malonic ester. 

4- Pyrazolol, m.p. 118°, from its carboxylic acid (p. 109), reacts with methyl 

iodide to give the methyl iodide addition product of 1-methyl-4-pyrazoloL 1- 
Phenyl-4-pyrazolol, m.p. 120°, from its carboxylic acid (p. 110), is converted by 
phenyl isocyanate to the corresponding carbamic acid ester, m.p. 168°. 3,5- 

Dimethyl- and 3-phenyl-5-methyl-4-pj^azolol, m.p. 173° and 188°, from di¬ 
methyl- and phenylrnethyltriketone with hydrazine (Sachs, Rohmer, Ber. 35, 
3313, 3318). 4-Hydroxypyrazole-3,5-dicarboxylic acid diethyl ester, m.p. 151° 
(see above), saponifies to 4-hydroxypyrazole-5-carboxylie acid, m.p. 204° 
(Bertho, Nussd, Ann. 457, 288). 

5- ALKOXyPYRAZOLES: 1-Phenyl-5-ethoxypyrazole is prepared from its 

carboxylic a(;id ester, which is obtained by the condensation of the phenyl- 
hydrazone of oxaloacetic acid ester williZnC^h; saponification of the ethoxy group 
with nC3 converts this compound to l-phenylpyrazolone, m.p. 118° (p. 104) 
(Stolz, Ber. 27, 407). 1-Phenyl-3-methyl-5-methoxypyrazole, b.p. 240°, is ob¬ 

tained from phenylmethylpyrazolone (p. 105) with diazomethane (v. Pechmann, 
Bor. 28, 1626), or with methyl iodide and sodium methylate, together with the 
isomeric antipyrinc (p. 106) (reaction mechanism: Backer, Meyer, Rec. 45, 428); 
also from the methyl ester of ac(‘toacetic acid with phenylhydrazine and hydro¬ 
chloric acid. When luaited to 250° it rearranges to antipyrinc (G(^r. Pat. 95643, 
1897). Its methyl iodide addition product, which is also obtained from anti- 
piyrine and methyl iodide, is converted immediately by boiling sodium hydroxide 
solution to antipyrinc (p. 106 and Knorr, Ann. 293, 17). l-Phenyl-3-methyl-5- 
ethoxypyrazole, m.p. 38°, b.p. 301°, from the phenylhydrazone of acetoacetic 
est(;r with acetyl chloride or (jxcess hydrochloric acid, is converted by sa{)onifica- 
tion to phenylmethylpyrazolone (.see above), and by reduction with sodium and 
alcohol to phenylrnethylpyrazoline (Stolz, Ber. 28, 627, 635; Knorr, Ber. 28, 
706). The last two ethers are also formed by decarboxylation of phenylmethyl- 
carbethoxy- and -carbomethoxypyrazolone, which result from the action of the 
ethyl and methyl ester of cldoroformic acid on phenylmethylpyrazolone (see 
above, and Himmelhaiwr, .J.pr. 54, 180; Stolz, J.pr. 55, 149). 

1-Phenyl-5-methyl-3-methoxypyrazole, b.p. 274°, from 1-phenyl-5-methyl-3- 
pyrazolone with methyl iodide and sodium methylate (Prager, Aim. 338, 282). 

Pyrazolecarboxaldehydes are prepared by catalytic n^duction of the (lorre- 
sp)onding acid chlorides (according to Rosenmund, Ber. 54, 425; Vol. I, p. 226); 
3- and 5-carboxaldchydes of 1-alkyl and 1-phenylpyrazoles are relatively easy to 
obtain, but the 4-carboxaldehyde IS formed in very small yield (Rojahn, Fahr, 
Ann. 434, 252; Rojahn, Seitz, Ann. 437, 297). 

l-Phenylpyrazole-5-carboxaldehyde, oil; seinicarbazone, m.p. 168°; oxime, 
m.p. 177°. 1-Phenyl-5-methylpyrazole-3-carboxaldehyde, b.p. 185° (22 mm.); 
semicarbazone, m.p. 183°; oxime, m.p. 166°. l-Phenyl-3-methylpyrazole-5- 
carboxaldehyde, oil; oximes, m.p. 146°, 179°. l,5-Dimethylpyrazole-3-car- 
boxaldehyde, m.p. 56°, b.p. 120° (13 mm.); semicarbazone, m.p. 201°; oxime, 
m.p. 178°. l,3-Dimethylpyrazole-5-carboxaldehyde, b.p. 83° (12 mm.); semi¬ 
carbazone , m .p. 206 °; oxime, m .p. 148 °. 1,4-DimethylpyTazole -3 -carboxalde - 

hyde, m.p. 127°; semicarbazone, m.p. 216°. 

PYRAZOLE KETONES are prepared similarly to the thiophene, pyrrole, and 
indole ketones: 

1 . By heating pyrazoles with acid chlorides (Michaelis, Rojahn, Ber. 50, 737; 
Rojahn, Ber. 55,291): 1-Phenyl-4-acetylpyrazole, m.p. 122°; oxime, m.p. 130°; 
phenylhydrazone, m.p. 143° (dec.). 1-Phenyl-4-benzoylpyrazole, m.p. 123°; 
oxime, m.p. 143°; phenylhydrazone, m.p. 139° (dec.). 

By ring synthesis from 1,3-diketones with suitable aliphatic diazo com- 


HOv 

>C lie *0000,116 
IE0,0^|| + II 

1160,000-(TJ N 
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pounds {cf. methods £ and 4 lor pyrazolecarboxylic acids): 4-Methyl-5>acetyl“ 
pyrazole, b.p. 161® (26 mm.), from its carboxylic acid (sec below). 4-Methyl- 
and 4-phenyl>3,5-diacetylpyrazole, rn.p. 114® and 134 ®, from the diazo anhydride 
of acetylaccjtone (Vol. I) with acetylacctone or benzoylacetone (Wolff t Ann. 325, 
185). 

PYRAZOLECARBOXYLIC ACIDS are produc^ed: 

L By oxidation of alkylpyrazoles with potassium ])ennangariate. 
If more than one alkyl group is present, eatdi one is oxidized in turn. 

2. By the ring-closure of carboxylic -ticid Cvsters of j^l-diketones or 
hydroxymethylene ketones with hydrazines (Muinm^ Bergdl^ Bor. 
45, 3045): 

CJRCO • CH 2 • CO • CO 2 R -f NH 2 • NITCelb-> 

Ethyl benzoylpyruvato CellgN • N: C(C'Jlfr) * H: (' • ( X) 2 R, 

1,3-Diphcnylpyrazo]e-5- 
carboxylic acid ester 

7 -Dioxocarboxylic acid esters, such as acetonyl- and ph(macylacetoacotic ester 
and ac(;t,oacctylsuccinic acid ester, react with beiizenediazoninm salts to ^^ive phen- 
ylhydrazones of /S-dioxocarboxylic acid esters, which condiaisi* to j)yrazol(M*.fir 
boxylic acid esters (Bischlefy Bcr. 26, 1881; Billow^ BchU'-ungcr, B(‘r. 32, 2880; 
StolZt Bor. 33, 262; Billow, Baur, Ber. 58, 1926). 

3. By the reaction of phcnylhydrazones of ald(4i\'d(\s wifli /3- 
oxocarboxylic acid esters in the presence of zinc chloride {Minunni^ 
Atti atJcad.Lincei [5] 14, II, 414; Gazz. 55, 502; Minumii, cVUrsOy 
Gazz. 58, 691): 


CeHg • * COOCjHg 

It ho(!:-c,h, 

\ 

NH-Cellg 

Phenyl hydrazonc Bcnzoyla(x;tic 
of benzaldehyde ester 


Cellg-C- C-COOCffh 

II II + II 2 4- H 2 O 

N c-(;ii5 

\/ 

N-(^oll5 

l,3,5-Triphenylpyrazol(‘-4- 
carboxylic acid ester 


This method illustrates the great tendency toward forination of the pyrazole 
ring. 

4 . By addition of diazoacetic ester to mono- and dic-arboxylic acids 
of the acetylene series {Buchner^ Bcr. 22, 2165; Ann. 273, 222): 


RO 2 COH 


N^N 


Diazoacetic 

ester 


+ 


CCO 2 R 

III 

CCO 2 R 


Acetylene- 
dicarboxylic 
acid ester 


R02CC-:.=CC02K 
I I 

1IN-N=€-C02R 


Pyrazole-3,4,5- 
tricarboxylic 
acid ester 


(а) Monohalogen substitution products of the acrylic and fumaric acnd series 
and a,/3-dihalogen substituted saturated acids, such as a,/3-dibromopropionic 
acid and a,^-dibroraosuccinic acid, react with diazoacetic ester in the same way as 
the acids of the acetylene series. 

(б) Diazoacetic ester adds to /3-diketoiies,such as acetylacctone, when warmed 
in sodium hydroxide solution, to form compounds such as 4'methyl-5-acetyl- 
pyrazole -3 -carboxylic acid ester, m.p. 198® (Klages, Bonnchurg, Ber. 36, 1128): 


ROaC-CH COCH, 

]|=N ^ djHsCOCII, 


ROaC-C=r.—=CCH, 

-» I 1 

NHN:C-COCH, 
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(c) The diazo anhydrides of /3-diketoncs (cf, 1,2,3-oxadiazoles), which are de¬ 
composed by atiueuus sodium hydroxide to a carbpxylic acid and an aliphatic 
diazo compound, rea(!l similarly with jS^-diketones or /3-oxo carboxylic acid esters 
to form diacylpynizoliis (page 01)) or acylpyrazolecarboxylie acid esters {Wolff, 
Ann. 325, 177): 

HaC • CO HOC • CHa CJl, • CO • C -=C • CH, 

I |i -^ I I 

CJIfi • CO • C: N: N HC ■ COOCalTa IlN • N=-C • COOC2Hfi 

Acetylbenzoyldiazo- - 4-Metbyl-.'j-benzoylpyra*ole-3- 

methane (a diazo carboxylic acid ester 

anhydride) 

The pyrazolecarboxylic acids lose CO? when heated. A carboxylic acid group 
in the 3-position is split olT first, then one in the 5-position; one in the 4-position, 
which is not adjacent to a nitrogen atom, is most firmly bound {Claisen, Ann. 278, 
273). 

3(5)-Pyrazolecarboxylic acid, rn.p. 209° (dec.), is obtained from 3-methyl- 
or 1-phenyl-3-mcd.liylpyrazole (]). 1)4) by oxitlalion, and from 3,5-pyrazoline- 
dicarboxylic a(;id by decarboxylation and dehydrogenation (Jiuchyier, Fapendic.ck, 
Ann. 273,237; v. Pcchrmnm , liurkanl, Her. 33,3595). 4-Pyrazolecarboxylicacid, 
m.p. 275°, from pyrazoletricarboxylic acid, or from 4-(nitrophenyl)pyrazole 
(Behaghel, Buckner, Her. 35, .34). 3,5-Pyrazoledicarboxylic acid, m.p. 289°, 
from methylpyrazolecarbo.xylic ac/id, dirnethylpyrazole (Knorr, Ann. 279, 218; 
Marchetti, Attl accad.ldncei 1892, I, 350), and dibromopro])ioni(; acid ester with 
diazoacetic ester. 4,5-Pyrazoledicarboxylic acid, m.p. 200° (dec.), is formed by 
oxidation of triac(dyldihy(lroxy-l-naphtho[2,3]pyrazoledione, which is obtained 
from diacetyliiaplithazarin and diazomethane (cf. p. 117 and v. Pechmann, Seel, 
Her. 32, 2299). 3,4,5-PyrazoletricarboxyUc acid, m.f). 233°, pn'pari'd according 
to methods / and 4, and also from pyrazolinetricarboxylic acid ester (p. 102) with 
bromiiH'. 

3-Methyl-5-pyrazolecarboxylic acid, m.}). 230° (Knorr, Ann. 279, 217; alkyla¬ 
tion of the ethyl esUa*: v. Auiver.'i, Hollmann, Her. 59, 001; Rojahn, Her. 59, 
007). For 4,3- and 3,4-methylpyrazolecarboxylic acid, v. I'echnuinn, Burkard, 
Her. 33, 3592, 3598. 3,5-Dimethyl-4-pyrazolecarboxylic acid, m.p. 290° (dec.), 
from acetyl- or othylideneacetoacxdic ('.stia- (Hosengarten, Ann. 279, 239). 5- 

Phenyl-3-pyrazolecarboxylic acid, m.f). 234°, from phenylacetyleiie and diazo¬ 
acetic ester (Bvchner, Lchnion/n, IkT. 35, 35), and from benzoyl pyruvic acid and 
hydrazine (Billow, Her. 37; 2198). 3- and 4-Phenylpyrazoledicarboxylic acid, 
C3(C6H5)HN2(CO()H)2, m.f). 235° and 243°, are firepared from diazoacetic esten* 
with phenylpropiolic acid and with «-bromociniuimic acid (Buchner, Her. 27, 
3247; cf. Buchner, v. dec Hcidc, Her. 35, 33). l-Methyl-5-phenyloyrazole-3- 
carboxylic acid, m.p. 144°, and 1-methyl-3-phenylpyrazole-5-carboxylic acid, 
m.p. 183° (v. Auwer.^, Mausolf, Her. 60, 1730); the coiTesf)onding l-ethylcar- 
boxylic acids, m.p. 138° and 163° (loc, cit.). 1-Phenylpyrazolecarboxylic acids, 
CaH 2 N 2 (C 6 H 6 )COOH: 3-acid, m.p. 146°, and 5-acid, m.p. 183° (Claisen, 
Roosen, Her. 24, 1888); 4-acid, m.f). 220°, from l-phenylpyrazoletricarboxylic 
acid (Knorr, Laubniann, Her. 22, 179). Its ethyl ester, m.p. 97°, is obtained 
from the addition product of phenylhydrazine with formylglutaconic acid ester 
or with malonaldehydic acid ester by distillation in a vacuum; in both cases 
acetic ester splits from the pyrazoline derivative formed first (Wislicenus, Breit, 
Ann, 356, 35; Wislicenus, Bywaters, Ann. 356, 45). Five isomeric 1-phenyl- 
methylpyrazolecarboxylic acids are known: the 1,5,3-acid, m.p. 136 °, is prepared 
from acetonylacetoacetic est(‘r with benzenediazoniuin chloride (p. 99, method 
2), and from ethyl acetonyl oxjilale with phenylhydrazine, together with the 
1,3,5-acid, melting at 190°, whic4i Is also obtained by a peculiar rearrange¬ 
ment of phenylmethylhydroxy{)vri(lazone (Ach, Ann. 253, 54; Claisen, Ann. 
295, 305); the 1,5,4-acid, m.p. 106°, is prepared from hydroxymethylene- 
acetoacetic ester (Claisen, Arm. 278, 270; 295, 311); the 1,4,3-acid, m.p. 134°, 
and the 1,3,4-acid, m.p. 192°, are j)repared by oxidation of phenyldimethyl- 
pyrazole (Balbiano, Severini, Aiti accad.Lincei 1892, II, 195; 1893, 1,3). 1,5- 

Diphenyl-3-pyrazolecarboxylic acid, m.p. 185°, from phenacylacotoacetic ester. 
l-Phenyl-t3,4,5-p^azoletricarboxylic acid, m.p. 184° (Knorr, Laubmann, Ber. 
22, 172). l,3-Diphenyl-5-methyl-4-pyrazolecarb03qrHc acid, m.p. 194°, is ob- 
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tained in the form of its ethyl ester by heating the phenylhydrazono of benzalde- 
hyde with jun'toaretic ester and ZnCb at 130® {Minuiuri/AlW aecaxl.Lineei 15] 
14 (1900), 11, 414). l,3,5-Triphenyl-4-pyrazolecarboxylic acid, similarly with 
benzoylaeetic ester {Minutnii, r/’f/r.so, Gazz. 58, 091). 

PYRAZOLINES. When reduced with .sodium and alcohol, the 
pyrazoles, (\s]iocially the N-phenylpyrazoles, ai(^ converted to di- 
hydropyrazol(\s, or pyrazolines. Pyrazoliue.s are also formed by the 
rearrangement of the hydrazones of a-olerincarboxaldehydes or ke¬ 
tones in boiling glacial acetic acid (.1 au’cr.s*, Muller^ B('r. 41, 4230; 
Auwers^ VosSj Ber. 42, 4411): 

Cn2=-CH-CH CUT.-Clb-CII 

Cell,-Nil-ll ' - -ll 

Phenylhydrazone l-Phenylpyrazoline 

of acrolein 


By a similar rearrangement th(‘ ketazim' of acetone, l)is-(dirnethylinethylene)“ 
hydrazine, is converted by maleic acid, or by other acids in tlu' absence of water, 
into trimethylpyrazoline (Frry^ Hofmann^ Mo. 22, 760): 


IhC-C-Clh 


N-N 


Bis- (dimethyl methylene) -by d razine 


(lla(0,:C -on.- -G-GHa 


nit-N 


3,5,.')-Triniethyl-2-pyra«oline 


ITomologous ketaziiu\s and ethylid(‘n(*aldazine giv(‘ otlier i)yrazoJine deriva¬ 
tives; isobutyraldaziiH^ is n'arranged by coruicniraU^d hydrochloric acid to 4,4- 
dimtithyl-r)-isnpr(>pylpyrazoline {(hirti.n}<, ZinkHsen, J.pr. 58, 910; Frnnke, Mo. 
20,847). Sorneseniicarbazonesisomerize topyrazolin('S (//n7mann, Bull. [4] 45, 
545). S(‘e, howM'ver, the n'arrangenient of his-(diethy]methylen(‘)-hydrazine to 

dimethyldiethylpyrrohi wduai healed w ith ZnC'h, p. 32 and Piloty, Thor. 43, 493. 

Behavior. —The pyrazoliiu's are W(‘ak bases which are usually soluble only in 
concentrated acids. Tli(‘y are less stable than t,he pyrazoles. Oxidizing agents 
convert tliem t,o very unstable dy('st,uffs, which ar(‘ derivative's of bipyrazoliiies 
(Knorr’s pyrazoliiK' reaction; Knorr, Bea*. 26, 100). The products of their 
reduction, particular^ of the reduction of N-phenylpyrazolincs, are principally 
derivatives of trimethylenediamiiu'. Some pyrazolines can b(‘ converted to cyclo¬ 
propane derivatives by lo.ss of nitn)gen [AT.sT/<ncr, J.Buss.Phys.-Chem.Soc. 45 
(1913), 987]. This n'aclion gein'rally takes place with pyrazolinecarboxylic 
acids (p. 102). 

Isomerism of the Pyrazolines. —It has Ixh'ii noted (p. 93) that, the great mobility 
of the hydrogen atom attached to the nitrogeai atom in tlu* pyrazole ring makes im¬ 
possible the isolation of isomeric 3- and 5-alkyIpyrazoles. In the pyrazoline 
series the situation is different; both a 3- and a 5-methylpyrazoline can be ob¬ 
tained {Freudenherg, Stoll, Ann. 440, 38): 


HaC-HC- 


PINs 




CH, 

I 

CII 


6-Methyl-2-pyrazoline 
Picrate, m.p, 126° 


CHaC-CHa 

II I 

N. /CT-b 

\n/ 


II 


3-Methyl-2-pyra*oline 
Picrate, m.p. 153° 


Of the corresponding phenyl derivatives, the 3-phenyl compound is the more 
stable one, and the 5-phenyl compound isomerizes to it veiy n^adily {v. Auwers, 
Heimke, Arm. 458,190). The spectrochemical data are of assistance in determin- 
ing which isomer is present, since 3-phenylpyrazolines always exhibit a strong 
exaltation, while 5-pheriylpyrazolines are optically normal {loc. cit., p. 102). 

For the physical properties (b.p., m.p., d, nae) of 34 pyrazolines in tabular 

form, see v* Auwers, Heimke, Ann. 458, 180. 
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2 -PyrazoIme, CH 2 ('Il 2 C'H:N*NH, oil, b.p. 144°, from acrolein and hy- 
drazirif. hydrate {Wolff, Ber. 28, 09; CurVius, Ber, 29, 774), and from ethylene 
and diii/oinethaiu‘ (Azzatrllo, Atti accad.Lincei [hi 14 (1905), II, 285). 5> 

Methylpyrazoline, b.p. 50° (10 rnin.),picratein.p. 120°, from crotonaldehydeand 
hydraziiH^. 0 -Methylpyrazoline, b.p. 59° (19 mrn.), picrate m.p. 158°, from 
ciiloroelhyl melhyl kc^ono {Freadvnherg, Stoll, Ann. 440, 38). 3,5,5-Trimethyl- 
pyrazoline, b.p. 00-09° (20 inm.), from m<isiiyl oxide and hydraziia;, and from 
bis-(dimetliylinethylene)-hydrazine (page 101 ) {Curtins, Fdrsterling, Ber. 27, 
770). 5-Methyl -3, 5-diethylpyrazoline, b.p. 79° (14 mm.), 5-methyl-3,5- 

dipropylpyrazoline, b.p. 102° (14 mm.), from bis-(methylethylmethylene)- and 
bis-(rnethyli)ropylmetliylene)-hydrazine. 4-Phenylpyrazoline, by addition of 
diazomethane to styrene {()liiHri-Man(laFi,Gii7jZ.40, 1, 117), and from 4-phen 
pyrazolino-3,5-dicarboxylic Jieid (Buchner, Ferkel, Ber. 36, 3777). 3-Phenyl- 
pyrazoline, m.p. 45°, b.p. 105° (17 mm.) (/;. Auwers, Heimkc, Ann. 458, 189), 
5 -Phenylpyrazoline, b.p. 144° (13 rnm.), from the hydrazone of cinnamaldehyde 
{loc. cit., p. 190), and from its dicarboxylic acid {Hischoff, Walden, Ber. 26, 261). 
1 -Phenylpyrazoline, m.p. 52°, b.p. 274°, is converted by bromine to 1 -phenyl- 
dibromo])yrazolino, m.p. 39°. 1 ,5-Diphenylpyrazoline, m.p. 138°, from the 

phenylhydrazone of cinnamald(‘hyd(n 1,3,5-Triphenylpyrazoline, m.p. 135°, is 
converted by bromine to triphenyltribromopyrazoline, m.p. 179°. 1-Phenyl- 

3,4,4-trimethyl-5-hydroxypyrazoIine, C.H 5 N• N:C(CHs) (OH), 

m.p. 118°, from the corresponding pyrazolone by reduction, is rearranged by sul¬ 
furic a(4d, with loss of water, to 1-phenyl-3,4,5-trimethyl])yrazole {Knorr, 
Jochheim, Ber. 36, 1275). 

Pyrazoline ketones ar(‘ forna^d by addition of diazomethane to a, jS-unsaturated 
ketones, e.g., 4-phenyl-5-acetylpyrazoline, CsHj(C 6 H 6 )N 2 COCIi8, m.p. 106°, 
from benzylideneacet,one {Azzarello, Gazz. 36, II, 50). 

Pyrazoline carboxylic acids are prepared from diazoac^etic ester and olefin mono- 
and dicarboxylic acids or monohalogenated saturated acids (c/. p. 98); diazo- 
methane reacts similarly. Identical products are obtained from maleic and fum- 
aric acid, from citraconic and mesaconic acid and from crotonic and isocrotonic 
ac.id {Pechrnann, Burkard, Iha*. 33, 3590): 


GIB HC-COOR CH-CIICOOR 

II + 11 -> II I 

N^N no- COOR N—NH—CH • COOR 


Diazo- Fumaric acid 

methane ester 


4,5-Pyrazolinedicarboxylic 
acid ester 


CIICO 2 R 


GIB 

II 

CIICOOR 


Diazoacetic 

ester 


Acrylic acid 
ester 


ROaC-C-CIB 

Jr—NH—(^H-COsR 

3,5-Pyrazolinedicarboxylic 
acid ester 


When heated alone, the pyrazolinecarboxylic acids lose nitrogen, forming 
cyclopropanecarboxylic acids. When heated with hydrochloric acid, they split off 
hydrazine. Oxidation with bromine converts them to pyrazolecarboxylic acids; 
heating of their silver salts gives pyrazolcs. On reduction some pyrazolidine 
derivatives are formed (p. Ill) {Buchner, Ann. 273, 214; cf. Pechrnann, Burkard, 
Ber. 33, 3590). 

2-Pyrazoline-3,5-dicarboxylic acid, m.p. 242° (dec.) {Buchner, Ann. 273, 214). 
Pyrazoline-4,5-dicarboxylic acid methyl ester (see above) {v, Pechrnann, Ber. 27, 
1890). Pyrazoline-3,4,5-tricarboxyIic acid methyl ester, C 8 H 3 Nj(COOCH 8 ) 8 , 
m.p. 61°, from diazoacetic ester with fumaric acid ester. 5-Carbomethoxy- 
methylpyrazoline-3,4,5-tricarboxylic acid methyl ester, C 3 H 2 N 2 (COOCH 8 ) 8 - 
(CH 2 COOCH 8 ), m.p. 105°, from diazoacetic ester with aconitic acid ester, and 
from diazosuccinic acid ester with fumaric acid ester. Pyrazolinetricarboxylic 
acid ester is also formed by heating diazoacetic ester alone, and carbomethoxy- 
methylpyrazolinetricarboxylic acid ester by heating diazosuccinic acid ester alone; 
in both cases the diazo compound partially decomposes to fumaric acid ester, 
which then condenses with the diazo ester {Buchner, v. der Heide, Ber. 34, 345; 
[ktrupsky, Ber. 43, 1096 ; 46, 863). 4-Phenylpyrazolme -3,6 -dicarboxylic acid 
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ester is obtained in two isomeric forms, m.p. 76° and 107°, from the ethyl ester 
of cinnamic acid and the methyl ester of diazoacetic acid, and from the methyl 
ester of the former and the ethyl ester of the latter, the isomerism disappearing on 
oxidation to the pyrazole derivatives (Biichner, v. der Hcide, Ber. 35, 31). 4- 

Phenyl-5-acetylpyrazoline-3,5-dicarboxyUc acid ester, from ciiinamoylacetic ester 
and diazoacetic ester, does not form a cyclopropane derivative on heating, but a 
1,2-pyrone derivative {Buchner, Schroder, Ber. 35, 782). 

PYRAZOLONES 

Pyrazolones, which are the most important class of pyrazole deriva¬ 
tives, are derived from pyrazolines, by rcplacenuait of a methylene 
group by a CO-group. In this group are included two isomeric 
pyrazolones, d-oxo-2-pyrazolina^or b-pyrazolone^ and Z-oxo-^-pyrazo- 
line or S-pyrazolone. 4-Oxo-2-pyrazolinc reacts almost exclusively 
in the tautomeric form as 4-pyrazolol, and has been described on p. 
98. 


(I) 


H2C--CH 

oi-Nii-lr 


5-Pyrazolone 


iic~---=cn 

J L 

OC-NH-NH 

3-Pyrazolone 


These two possible isomers cannot be isolated when the pyrazolone 
is unsubstituted, presumably because the mobility of the hydrogen 
atom in the inline or in the methylene group makes Formulas I and II 
tautomeric. However, two totally different N-phenylpyrazolones 
are known: l-phcnyl-5-pyrazolone, p. 104, and l-phenyl-3-pyrazolone, 

p. 108: 


H 2 C- 


(la) 


-CH 


oi-i 


•N(C.H5)-N 

l-Phenyl-6-pyraaolone 
(Methylene form) 


HC- 


Hol:-N(C.H.)-N 

Hydroxyl form 

(Ic) 


-CH 


HC= 

- oi. 


(Ib) 

===-CH 

N(C,Hj)-NH 

Imine form 


(Ila) 

HC>=-CH 
OC-NH-N. Cells 

l-Pheiwl-3-pyrazolone 
(Oxo form) 


HC= 


=:CH 


H0C=-N-N-C6H, 

Hydroxyl form 

(Hb) 


The 0 x 0 form (la and Ha) is the predominating one for the pyrazo¬ 
lones, but with many reagents (especially alkylating and acylating 
agents) 1-alkyl- or l-aryl-5-pyrazolones react in the tautomeric imine 
form (Ib). The existence of the hydroxyl forms (Ic and Ilb) has been 
discusseci on p. 97. The pyrazolones were discovered by Knorr in 
1883. Various pyrazolones have already been described in connection 
with the hydrazones of jS-oxo carboxylic acids, since they are the inner 
anhydrides of such hydrazones, as lactams are the inner anhydrides 
of the corresponding aminocarboxjdic acids. 

5-PYRAZOLONES. This most important group of pyrazolones 
is prepared: (1) By elimination of alcohol from the hydrazones of 
ff-oxo carboxylic acids: 
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CH,0--CH2—COOCsH, CHjC—CHj—CO 

II -> II I 

N-..NIICellB N- NC.Hb 


Phenylhydraxone of acetoaceLic ester 


l-Pheuyl-3-methyl-5-pyra)Bolone 


Condensirif^ u^onts which remove witter, such tis hydrochloric acid and acetyl 
chloride, convert a numlier of these hydrazmies to aikoiypyrazoles (p. 98), which 
yield pyrazolones wlu'ji the alkoxy group is saponified \cf. De, Quart.J.Indian 
Chern.Soc. 3 (912fi) , 30]. Some phenylhydrazones of jS-oxocarboxylic acid 
esters form f?i!.do/c derivatives (p. 03) und(;r the influence of concentrati^d sulfuric 
acid. 

5-Pyrazolones are formed similarly from several other derivat ives of hydrazine, 
such as sernicarbazides and thiosernicarbazides [De, Quart.J.Indian Chern.Soc. 
3 (1926), 3U; De, Duti, ibid., 5 (1928), 459J. 

{2) From acetylenecarboxylic acid esters and hydrazines {Roth- 
enhurg, Ber. 27, 783; Mourcu, Lazcnnec, C.r. 142, 1534). 

(3) By oxidation of the corres])onding i)yrazolidones. 

Behavior. -The pyrazolones form unstable salts with bases as well as with 
acids, being weak basics like? th(‘ otluu* pyrazoles, but having also the acid proper¬ 
ties of iS-oxocarboxylic acid (\slers. They als<^ resemble /1-oxocarboxylic acid 
derivatives in the behavior of the tnethyletK* group between the CO- and the CN- 
groups toward a numbe,r of r(>agent.s: With benzaldehyde they condense to 
benzylidene com]K)unds, with nitrous acid they form yi'llowish red isonitroso deriva¬ 
tives, and with benzimediazonium salts they couple to give more or less strongly 
colored azo compounds (r/. UotlimbuTg, hvr. 27, 782; Stolz, Ber. 28, 625). With 
POCh the pyrazolones give chlorinated {lyrazoles (p. 96), with phosphorus tri¬ 
bromide undtir pressure they give pyrazoles dire(hly {Stoernier, Martinaen, Ann. 
352, 332). Heating with P^Sj, in xylem^ solution converts pyrazolones to thio- 
pyrazolones, while heating without a solvent to a higher temperature results in the 
formation of pyrazoh's (cj\ p. 93 and Stoernicr, Joluinnscn, Ber. 40, 3701; 
Michaelis, Ann. 361, 251). The alkyl.'i.tion of pyrazoloju s is (ionp^licated, since 
alkylati<jn products of all tlu^ tautomeric forms can be obtained (see j). 103, 
formulas Ia,b,c). Tlu' course of the reaction is gnaitly influenci'd by the method 
used (see antipyrine). Acylation also leads t,o Uk' formation of scweral different 
products {Stolz, J.pr. 55, 145, 154). 

5 -Pyra 2 olone, 6 c) > ( dia • (: N • Nil, m .p. 164 is most advantageously pre¬ 
pared from malonald(‘hydic acid ester with hydraziiK'; it is also formed from its 
carboxylic acid (page 109). With bmizaldehyde it. givi^s 4-benzylidene- 5 - 
pyrazolone, (CalloflN-,.) iCTK'eHf,, m.p. 200 '^, and with nitrous acid, 4 -isonitroso- 
5;pyrazolone, (C;iH 20 i\ 2 ) :^OIl, m.p. 181“ (dec.). It conjees with benzene- 
diazonium chloride, fmining l-benzeneazo-5-hydroxypyrazole, (C 3 IT 3 ON 2 ) N;- 
NCUB {Knorr, J3('r. 29, 249). 

3-Methyl-5-pyrazolone, m.p. 215°, is obtained from acetoacetic ester or de- 
hydroacetic acid and hydrazine (Afxaius, J.])r. 39, 132); when heated with dry 
sodium alcoholate it forms 3-methyl-4-alkylpyrazoles (Wolff, Thidepape, Ann. 
420, 275). 3-Phenyl-5-pyrazolone, C 3 (CgH 5 ) 1130 X 2 , m.p. 236°, from benzoyl- 
acetic ester and hydrazine (Michaclis, Ann. 352, 158). 1-Phenyl-5-pyrazolone, 

m.p. 118°, is prepar(‘d from tla^ corresponding 3- and 4-carboxylic acids or from 
l-phenyl-5-pyrazolidone (Ctabsen, Baust', Ber. 28, 35; Stolz, Ber. 28, 630). 

1-Phenyl-3-methyl-5-pyrazolone, io-CHaCCCIB) :N-ACoHs, m.p. 127°, 
from acetoacetic ester, ^-chlorocrotonic acid ester {Auteurkdh, Ber. 29, 1654) or 
tetrolic acid (Vol. I) with i)henylhydrazine, was tlie fij*st pyrazolone derivative 
to be discovered, and is now the best known, being prepared technically on a large 
scale (Knorr, Ann. 238, 147). Its cobalt and silver salts are particularly charac¬ 
teristic. With benzaldehyde it gives the benzylidene compound, 

60^ C (: CHCeHB) • C(CH,): N • 

m.p. 107°; the condensation product with hydroxy benzaldehyde is highly colored 
(I'dmhor, Ber. 33, 864). When 1-phenyl-3-methyl-6-pyrazolone is heated in 
alcoholic solution in the presence of piperidine for a long time, di- and trimolecular 
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condensation products are formed (Jonescv, Cfrorgrsrn, [TV] 41, 1514). It 
reacts with POCI 3 to give 1 -phenyl-‘i-in(‘lliyl-5-chlor()pyrazole (p. 96), and with 
IVSfi in xylene to give l-phenyl-5-raethyI-r)-thiopyrazoIone, 

ra ■ CH.,C(OHa) evils, 
m.p. 109'’ (Pander, Ann. !361, 261). 

Nitric acid attacks 1 h(‘ benzene ring as well as the pyrazole ring (4-position). 
Picrolonic acid, l~(p-nitrophenyl)~3-7nrthyl-4-nitro-5-pyr(izolone, m.p. 116.5°, is 
formed (Knorr, Ber. 30, 914; preparation: Hvqounenq, Florence, Couture, Bull. 
[TV] 7, 58). It is oft('n used in place of picric acid for the isolation of bases con¬ 
taining nitrog(m. 

With NoO.^ phenylmethylpyrazolone gives an isonit rose corni)ound, 
io-CINOH) oicTI,)iN^'CVHs, 

m.p, 157°, wdiicli can be oxidized to the 4-nitro-derivative, m.p. 127°, and reduced 
to 4 -amino -I -phenyl -5 -methyl-5-pyrazolone. The latter is also obtaimui by re¬ 
duction of 1-ph(aiyl-3-methyl-4-benzeneazo-5-hydroxypyrazole (constitution: v. 
A Ulcers, Ann. 378, 21S),wduch is pri'pared from ])h('nylmothvlpyrazolone and 
benzenediazonium chloride. The aminopluaiylniethylpyrazolone is not stable, 
b('ing oxidized by the air to rubazonic acid, 

(CH,): N • N(Cr,II,.) • CO ■ • N: C ■ CX)• N ((V,11 4 ) • X : C(CH 3 ), 

rn.p. 181 °, a nvl compound which corres))onds in beliavior to })urpuric acid of the 
uric acid group. It can also be obtained from aminopyrazolone (se(^ above) and 
from the 4-hvdrnxyphenylmethyl])yrazolone irumlioned bidow. With a large 
excess of oxidizing agent the aminopyrazolone is converti'd immediakdy to 1 - 

r---1 

phenyl -3 -methyl -4 ,5-pyrazoledione, C'D-CO (TC'Ha): N NC'eTTr,, bronze crystals, 
m.p. 119°, tlu' isatin of the pyrazole grou]>, wdiicb is also prepared by fission of it,s 
4-dimethylamino anil, the condensation ]n’o<lue4. of nitrosodimethylaniline and 
phenylmethylpyrazolone. On reduction this pyrazoledione forms 1 -phenyl -3- 
methyl-4-hydroxy-5-pyrazolone (Knorr, Psehorr, Ann. 293, 50). 

When oxidized wdth ferric chlorid(‘ phenvlmethvlpvrazolone condenses to 

C 6 H 5 N—CO--C=:--:-r. CO - N(VHl> 

pyrazole blue, I I I I » which is analogous in 

Nr=:CCTl3 

constitution and behavior to indigo (p. 78), and wdiic.h is also known as 4,4'-dt- 
(l-vheny 1-3-rnefJiyipyrazole)-indigo. Mildc^r oxidizing agents, such as phenyl- 
hyclrazinc, give the dihydro derivative of this compound, bi-4,4'-(l-phenyl-3- 
methyl-5-pyrazolone) (MichaeUs, Uadcmachcr, Schfniedelampf, Ann. 354, 55), 
wdiich is also obtained from the silver salt of phcnylmet hylpyrazolone with iodine. 
Phenylmethylpyrazolone when treated wdth diazoraidhane yields phonyImethjd- 
methoxypyrazole (p. 98), and a small quantity of the isomeric antipyrine (cf. 
V. Pechmann, Ber. 28, 1626). 

1 -Phenyl-4-methyl -5 -pyrazolone, CeTTsN• N:CH ■ C’H (CH3) • do, m.p. 148°, 
from /9-formylpropionic acid ester and phonylliydrazine, and from bromometha- 
crylic acid (\stcr, CHBr: C^CHa)-COOR, and phonyIhydrazino, together with 
some 1 -phenyl-4-methyl -3 -pyrazolone (p. 109) (Stolz, Ber. 38,3273). 1 -Methyl- 

3-phenyl-5-p3nrazolone, CHaTNf N:C(CeH 5 ) CILi Z'O, m.p. 207°, by meihylation 
of 3-phenyl-5-pyrazolone (p. 104) and by condensation of bonzoylacotic ester 
wdth methyIhydrazino; it is completely analogous in its reactions to 1-phenyl-3- 
methyl-5-pyrazolone (Michaelis, Ann. 352, 152). 1,3-Diphenyl-5-p 3 U‘azolone, 

CeHsN'N-.C(Cells) •CH 2 (3o, m.p. 137°, from bonzoylacetic ester and phenyl- 
hydrazine (MirhaeMs, Willert, Ann. 358, 171), can be converted, similarly to 
phenylmethylpyrazolone, to 1,3-diphenyl-4,5-pyrazoledione and 4-hydroxy-l ,3- 
diphenyl-5-pyrazolone (Sachs, Becheresev, Ber. 36, 1132). 

5-Iminopyrazolines, B-pyrazolonciniines, have been prepared from jS-oxo 
carboxylic acid nitriles or nitriles of acetylenecarboxylic acids with hydrazine or 
arylhydrazines. ^ The hydrazones or arylhydrazones which are formea first isom- 
erize under the influence of hydrochloric acid to iminopyrazolones: 
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H,C-C-CII, 

N: C IINCC.IWN 


HaC-C-CH, 

I II 

IIN:C-N(C6H5)-N 


Pyrazolone~.S(«'))“inline, h.p. 282*^, from pyrazole-3(5)-carboxylic acid azide. 
l-Phenyl-3-methyl-5-pyrazoloneimine, m.p. 116*^ (sec iininojiyrines, p. 107). 
The iminopyrazolines arc tautomeric with the aininopj^razoles. 


ANTIP YRINE, 1 -phenyl-2,3-dime thyl-5-pyrazolone, 

CfiHsN—CO—CH 

I II 

CHaN-CCHa 

rn.p. 112®, (iistilL'ible under redTuanl pressure, is obt/iined in the form 
of its hydriodide ])y the reaction of ])henvlniethylpynizolone with 
methyl iodide and methanol ?it or by heating the sodium salt of 
phenylmethyl[)yr;izolorie with dimethyl sulfate in aqueous methanol 
solution ((handmoiigin c( aL, Chem.-Ztg'. 37, 813). It is also formed 
by the eondensatlon of .s-phenylmetliylhvdrazine with acetoacetic 
ester {Knorr, Ann. 238, 160; Ger. Pat. 40377, 1886): 


CeliGNH IlOCOCIb 

I + J 

CTbNII COCTb 


-mo 

-non 


CflIIr,N--CO-~CH 


CIbN. 




The crude ani ipvriru' is b(‘st, purifif'd bv conversion to tlu' sparingly soluble piu*- 
chloraU' (Ger. Pat. 1021). 


Antipyrine is a very strong inonoaeid base (hydrochloride, m.p. 
158-“160"’), readily soluble in water and alcohol, and crystallizing 
from ether or toluene in shiny platelets. Ii^nedicine it is highly 
est€>emed as an antipyretic; it^salicylate, salipyrine 
and 7 >tolyldimethylpyrazolone, tolypyrine, as w(41 as other homo- 
logues, have a similar action. For molecular compounds of antipy¬ 
rine with phenols, see Bodforss, Guthe, Ber. 57, 812. Antipyrine 
can be catalytically hydrogenated to dihydroantipyrine (m.p. 105°) 
{Waser, Helv. 8, 117). 

Other l-phenyl-2-aJkyl-5-pyr;izolones can be prepannl in a similar manner 
from phenylmethylpyrazolone by alkylating agmits: 2-benzyl- and 2-ethyl- 
1-phenyl-3-methyl-5'pyrazolone, m.p. 119° and 73°, respectively. Antipy¬ 
rine and its homologues are also formed by heating the alkyl lialide addition 
products of 5-alkoxypyrjizol(\s (p. 98) or S-chloropyrazoles (p. 96) with aqueous 
alkali; the rnetliyl iodide of l-phenyl-5-chloropyrazole with alkali gives 1- 
phenyl-2-methyl-5-pyrazolone, m.p. 117°, which is also obtained from 1-phonyl- 
6-pyiazolone with methyl iodide (MichaeliSf Ann. 320, 28). The isomers of anti- 
pyrino, 1,2-dimethyl-3-phenyl-5-pyrazolone, m.p. 108°, and 1-phenyl-2,4- 
dimethyl-5-pyrazolone, m.p. 125°, are prepared by methylation of l-methyl-3- 
phenyl- and 1-phony 1-4-methy 1-5-pyrazolone {MichadiSy Dorn, Ann. 352, 175; 
StolZy Ber. 38, 3275). For 1,2,3-trimethyl-5-pyrazolone, see Michaelia, Lach- 
witzy Ber. 43, 2106. 

Readioris of the Antipyrines .—Antipyrine (and also its homologues) is converted 
by POCI 3 to antipyrine chloride, the 2-mothyl chloride addition product of 1 - 
phenyUZ-meihyl-h-chloropyrazoley m.p. 137°; the chlorine atoms, especially the 
one in the 5-position, are very epily replaced. Alkali regenerates antipyrine, 
alkali hydrosulfides or sodium thiosulfate give thiopyrine (page 107), and am¬ 
monia and amines give iminopyrine. These compounds are strong bases like 
antipyrine itself and, in contrast to other pyrazole and pyrazolone derivatives, 
form stable salts with acids. The salts are quaternary ammonium salts, corre¬ 
sponding to the formulas: 
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- \ * Cl’ V-* C ’ -^ 

-N(CeH,) n/ ILS.C--N(CflH5 )-n/^^ ILN-C-NiC^H^)- n/^^ 

^CH, \CIL \CI 


They are alkyl halide addition products of 5-hydroxy-, 5-iiK‘rc:iptf)- and 5-arnino- 
pyrazoles. I he salts are derived from their bases by an addition of acid in the 
2,5-position of the pyrazok^ ring; 'Michavlis has proj>osed these' struciures for the 
free bases (Michaclis, Ann. 320, I; 331, 197; 339, 117; MicJiaelis, Hr.pncr, Ber. 
36, 3271; Knorr, Ann. 328, 78): 


Cr ^>NCIL 

Antipyrine 


C\ 

Thiopyrine 


-—C-CH, 

II ^NH II 

GC /N-CIIa 

'N(C.TI,V^ 

Iniiiiopyrine 


1 he* comj)oeinel obtai?ie'el froni jinlipyrine erhloride' wilh p-toluieiine differs fre)m 
that from tolypyrine. ediloride witli aniline (Afirhadis, Ann. 330, 130; 352, 15-1). 
Tliis fact doe's not invalielale* the* “be'lalne^ fe)rnnihi” e)f Michdells^ sine:o tlie^ fourth 
and fiftli valene*('s of iiitr<)g(!n are known to be diffe^rent. 

All 1,2-dialkylpyrazolon('s behave like' aTiti]\vrine anel iis horn()le)gues (rf. 
]\lDorn, Ann. 352, 175; Ahcho.i Dadetnachcr, Schmiedekampf, Ann. 
354, 55; Afirhadis, Ladnritz, Ber. 43, 2106). 

THIOPYRINES. 1-Phenyl-2-methylthiopyrazole, m.p. 102°, frenn Ihe 2- 
mejlhyl ioelide e)f 1-ph('nyL5-chloro|>yrazole with KSH. l-PhenyI-2,3-dimethyl- 
thiopyrazole, i/o.op//rv/ec, m.p. 166°, from antipyrine eddeerielc with K.SH or Na‘ 2 S 2 ().i 
in apueous solution, has an antipyretic action like antipyrinen l-Phenyl-2- 
ethylthiopyra7()le, m.p. 171°; 1-phenyl-2,3,4-trimethylthiopyrazole, m.p. 129°. 
By repeated distillatioTi, or bv hc'at ing their alkyl halide aelelition products, thio- 
pyrine's are conve'rted by a shift of the alkyl group from N to S to pse'uelothio- 
pynne's or alkylthio])yrazol(‘s such as CH 3 *C:N-N(C 6 H 6 ) -CfSCHs) :CH. Thio- 


I>yrines and pse*aielothiopyiin(‘s bediave elitTe'reiitly whem oxidized: the former 

0 -SO 2 


give trioxide'S, inner satis of sulfonic acids, sue:h as CH;,C:N(CH 3 ) -NCelL-CrCII 

L-1 

while the lat ter give dioxides, sulfones, such as 

CH«C: N. N(C 6 H 5 ) • C(S02CH3) : CII 
!- 1 

IMINOPYRINES. 1 -Phenyl-2,3-dimethyliminop 3 n’azole, iminopyrlnc (for¬ 
mula giyeii ahov('), m.p. 63°, from antipyrine chloride* by heating with aqueous 
ammonia, or a,mmonium carbonate under pressure; its hydrocldoride decomposes 
when heated into CTI. 3 CI and l-i)h('nyl-3-methyl-5-aminopyrazole, which can be 
recmiverted to ttu' iminopyriiK' hydriodide by a(ldition of methyl iodide. Anilino- 
pyrine, m,]). 59°, from antipyrine chloride and aniliinp is transformed by heating 
its iru'thyl iodid(' to 1-phenyl-3-methyl-5-methyIaniIinopyrazole. For phenyl- 
hydrazinonyrine, see Afichadis, Kohert, Ber. 42, 2705. For other iminopyrines, 
see Sjolz, Ber. 36, 3279. For hydrazinopyrines, see Thidepape., Spreckchen, Ber. 

Tjik(' acifls, alkyl iodides add in the 2,5-position of antipyrine, forming methyl 
iodides of 5-alkoxypyrazoles (]>. 98); at higher temperature's antipyrine; and 
methyl iodide give 1-phenyl-2,3,4-trimethyl-5-pyrazolone, nicthylanUpyrine, 
m.p. 82°, and also, by rearrangement, 1 -phenyl-3,3,4-trimethyl- 5 -pyrazolone, 
m.p. 56° (Knorr, Atiu. 293, 1 ). 

4-Nitrosoantipyrine, which deton.ab'S when heated, is f)repar('d from anti¬ 
pyrine Avith nitrf)us acid; wlu'ii reduc(*d wdth zinc and ju'ctic a.cid it- gives 4- 
arninoantipyrine, m.p, 109°, from whose* <liazo d('rivativ(^ dye.s are obtained 
{Knorr, Siolz, Aim. 293, 58). The aminoaiitipvrine is converted by treatment 
Avith methyl iodide, dimethyl sulfate or formaldehvde and a little formic acid 
(Cer. Pat. 360423, 1918; Brit. Pats. 214261, 223192, 1923) into pyramidone, 
A'^hniHhylamwo-2,i^-dimcthylA -phenyl-5-pyr azolove, m .p. 108° (Ger. Pats. 

90959, 1896; 11-1724, 1899), which is transformed by the human body largely to 
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antipyryliirea and rubazonic acid (see p. 110) {Jdjfe, Ber. 35, 2891). Pyrarni- 
done, by ilself an important antipyretic, is also a constituent of numerous other 
pharmaceuticals: Trigcniirt (jjyr. + butylchloral hydrate: Pfeiffer, Seydel, 
Z.physiol.(dami. 178, 97); Veramon (2 pyr. -j- 1'barbital: Pfeiffer, Seydel, 
Z.physi(jl.(>hcm. 176, 1); ('ompral (I pyr. + I voluntal: Pfeiffer, Seydel, 7 j. 
physiol.('hem. 178, 81); Pcrdolat (pyr. -}-cinchophen + caffeine); Allional 
[addition product of pyr. with isopropyl-propenylbarbituric acid: Mentzel, 
Pharm.Zentralhallo 65 (1924), o3o]; Cdudgui [pyr. + diallylbarbituric acid: 
Alien, Miinchen. med.Wochschr. 73 (1921)), 24). 

4-nydroxyantipyrine, m.]). 182'', is formed by methylation of 4-liydroxy-l- 
phenyl-3-m(4,hyij)yrazolon(‘ (p. 105); il has marked jihenolic properties {Knorr, 
Puchorr, Ann. 293, 49). 

Disintegration Products .—When lieati*d with alcoholic KOII at 130° antipyrine 
is split, forming phenylmetkylhydrazi'ne (p. 96 and Knorr, Ber. 39, 3265). 
When nit rosoantipyrine (1) is heati'd with phenylhydrazine, tiu' pkenylhydrazone 
of isonitrosoacetoacetic and phetnjlincthylhydrazlde is produced [Knorr, Ann. 328, 
62). When ant ipyrine. (II) is heated witli tolmaHi and sodium in an atmosphere 
of CO 2 , ^-inethyUinilnocrotonnivilidv is obtained [Knorr, Tanfki.rch, Ber. 25, 769): 


(I) CHaN •N(C«Hb) CO CfNO) :hc\h -> 

Clh^n i^[Cdh) (Xl CfNOII) •C(N2HCflH5)CH, 

(II) CeHfiN • CO • CIl : CXCHs) • NCIT 3 -> 

Ccn 5 NH CO 'CH:C(CH 3 ) -NHCH, 

3-PYRAZOLONES [rf. p. 97) are pii'pared: (/) By the action of PCls on a 
mixturii of )S-oxocarboxylic acid (‘stm-s and acetyl- or biaizoylphenylhydrazino; 
phenyihydrazides of ^S-oxocarboxylic acids are probably formed first [Mickaelis, 
Ann.338,269): 

CIl;,CO • cih * CO CH 3 C: CH • CO 

' I-> i I 

CdlsNH-Nil CeH.N-NH 

(2) By the action of phenylhydrazine on / 1 -hydroxyalkylacrylic acid ester 
{Conrad, Zari, Ber. 39, 2282). 

[3) By oxidation of the corr<\sponding 3-pyrazolidones. 

Behavior.—Tha 3-pyrazolones resemble the fi-pyrazoloiu's in behavior; like 
the latter, they have both acidic and basics properties. POCXg (converts them to 3- 
chloropyrazoles; with benzenediazonium salts they form azo dyes (Michaelis, 
Ann. 338, 228); with N 20 ;, they give green 4-nitroso compounds, which oxidize 
to strongly acid 4-nitro comfxmnds and reduce to stable 4-aminopyrazolones re- 
sistent to oxidation. When boiled with ferric chloriile they do not form com¬ 
pounds similar to pyrazole blue. The melting p\)ints of tluv 3-pyrazolones are 
always higher than those of the corresponding 5-pyrazohjnes. 

1 -Phenyl -3 -pyrazolone, CH: CH CO • NH • CeHs, m.p. 155°, is obtained from 
l-pheuyl-3-pyrazolone-4-carb(>xylic acid by heating, from 1-phenyl-3-pyrazoli- 
done by oxidation with hin ic chloride, and from 1 -phenylpyrazolinc by treatment 
with Br and then with aqueous KOH {Harries, Loth, Ber. 29, 519; Michaelis, 

Remy, Bi'r. 40, 1020 ). 1,5 -Diphenyl-3-pyrazolone, CoHsC^: CH • CO • NH • CeHs, 

m.p. 252°, by method t, 2, or 3, or by distillation of cinnamie acid phenylhydra- 
zide {Knorr, Thu*. 20 , 1107; Willert, Ann, 358, 159). 1 -Phenyl -5 -methyl -3- 

pyrazolone, 0113(^:011 CO • Nil NCeH/s, m.p. 167°, by method 1 or i^; methyla¬ 
tion converts it to the isomer of antipyrine, the poisonous 3-antipyrine, 1 -phenyl- 

2,5-diinethyl-3-pyrazolone, CH,7:CH •CO N(CH7i("C,Hs, m.p. 119° {Lederer, 
J.pr. 45, 8,3; Stolz, Ber. 28, 629); this compound is completely analogous to anti¬ 
pyrine in its chemical behavior: with BOCla it forms the methyl chloride addition 
product of 1 -phenyl -5 -methyl -3 -chloropyrazole, analogous to antipyrine chloride, 
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which gives 3-iminopyrine with ammonia, 3-thiopyrine wii h pot assium hydrosul¬ 
fide and 3-selenopyrine with polassimii hydroselenidc* {St<fLz, Her. 36, 3290; 
MichaeliSf Ann. 338, 290). 1 -Phenyl-4 -methyl -3 -pyrazolone, 

m .p. 210 is obtained together with 1 -phenyl-4-met,hyl-r)-pyra/oloiie from bromo- 
methacrylic acid ester and phenylhydrazine (Slotz, Ber. 38, 3273). 

1 -Phenyl-3-methyl-5-pyrazolone-4-carboxaldehyde, 

(’,H, • ;n,) ■ ('ll (( ;ho) 

m.p. 174°, is prepared from the cond(‘iKsation product of mtithylplKMiylpyra^olone 
with a-isatin anil by treatnumt with aqu(‘Ous sodium hydroxide (cf. p. 77 and 
Felixy Friedlander, Mo. 31, 73). 

PYRAZOLONECARBOXYLIC ACIDS. The est(^rs of these 
acids are obtained from the hydrazones of 0-o\o or formyldicar- 
boxylic acid esters; the acids decompose readily into CO 2 and py¬ 
razolones. 

5 -Pyrazolone -3 -carboxylic acid, /xi-Cfllo-ChCOOTI): N • \11, d(‘c. 250°, 

111(4hyl ester, m.p. 227°, from the m(4l)yl (\sl.('r of oxalacetic acid, chlorofumaric 
acid ester {Ruhcrnann, J. 69, 1394) or acHdykMKMlicarboxyJic^ actid esl.er wit h liydra- 
zine {lioihmhurg, Ber. 25, 3442; 26, 1722); 4he acid yi(4ds 5-pyrazolonc (]). 104) 
on decarboxylation, and an isonitr<>so compound, m.p. 201°, with nitrous acid; 
the latter compound is transformed to tla* hy(lra.zide of hydraziiiyrazolonecar- 
bo.xylic acid by tn'atnnml with hydrazine hydra.t(‘. 'FIk^ ;mhydrid(‘ of this acid 
(I), de(!. 126°, has a syriimetri(;al dicyclic nucl(‘us, which muy also be considered 
as a double anhydride of dioxosuceinic acid osu.zone* ( h'otlicnhurg, Ihu’. 26, 2057); 
c/. the diphenylrnethylbipyrazole (II) obtained from 1-]>h(‘nyi-3-methyl-4-ben- 
zoyl-5-chloropyrazoIe and liydrazirie (Ahehtiflis, liender, B(‘r. 36, 523), and tho; 
phenylincthyipyrazolo|4,3|pyrazolon(‘ (TIT) obtained from 4-diinetbylnmino- 
azoantipyrine by heating with (‘limination of dimethylamine {Slolz, Ber. 41,3849); 

(I) (11) (III) 

• CO • Nil C JI5 • N-C-Nil CIbN-C-=- CH 

III I II I III 

NH • CO • C—- N N: C^CHa) • C • C(C6H6): N CdlaN ■ CO • C: N • NII 

5-Pyrazolone -4 -carboxylic acid, CO ■ CH(COOII) NH, ethyl ester 

rn.p. 181°, is prepared from propyhme-l,1,3,3-t,(4racarboxylic acid est-er, 
(C00II)2CH-CH:C(C00R)2, with hydrazine hydrate, or from (',thoxymethyl- 
enemalonic acid ester with hydrazine {Ruhetnanuy Orion, ,1. 67, 1002). The 
acid loses CO 2 readily to give S-pvr.azolone (p. 104) (Ruhcmami, Morrell, 
Ber. 28, 988). 

3 - Carbethoxymethyl -5 -pyrazolone, (C 2 Hr,OCOCHL*)C 3 lT 30 N 2 , m.p. 190°, from 
/9-oxo glutaric aedd estcT and hydrazines (Knfferath, .T.])r. 64, 334). 

4- Hydro^pyrazole -3 -carboxylic acid, m.p. 205°, from tlu' (liazosulfonate of 
tetronic acid (Vol. I, p. 599) by warming with acjueous sodium hydroxide, is iso¬ 
meric with the 5-pyrazoIonccarboxylic acids (Wolff, lAittrmghaus, Ann. 313, 6): 

O-CO HOCO 

I I -> I 

CIb• C(OII):C • N:NSO 3 II CH; C(OH) • C: N • NH 

i_ 

When heated it gives 4-pyrazolol (p. 98). 

1 -Phenyl -5 -pyrazolone -4 -carboxylic acid, CO CH (COOII) - CII—N—I?CeHs, 
m.p. 93° (dec.), ethyl csto, m.p. 118°, is prepared from propylene-1,1,3,3-tetra- 
carboxylic aci(l ester with phenylhydrazine, or from othoxymethylent^malonic 
acid ester with phenylhydrazine. The isomeric 1 -phenyl -5 -pyrazolone -3 -car¬ 
boxylic acid, m.p. 181 °, is obtained in the form of its ester from oxalacetic ester 
and phenylhydrazine. Both phenylpyrazolonecarboxylic acids give the same 
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phenylpyrazolonc^ (p. 104) {KiUarn, Bor. 28, 41). 1-Phenyl-3-pyrazolone-4- 

carboxjlic acid, (-II:('((XIOH)-CO-NIl lNTyir., m.p. 210“ (dec.), is obtained 
ill (he fortJi ol' i(nS (\st(‘r by the action of PCI 3 ‘>0 a mixlure of etlioxyrnethyiene- 
iiialonic (\stiT and acTt.ylphenylhydrai-aiH' {MichadL^, Itcniy, B(‘r. 40, 1020). 
l-Phenyl-t-hydroxypyrazole-d-caiboxylic acid, m.p. 154“, from the phcniyl- 
hydrazone of y-bromoacetoacidic cst(?r, forms l-phen3d-4-pyrazolol on decar¬ 
boxylation (j>. 98). 

PYRAZOLOWE AZO DYES. The ability of phenylmethylpyrazolor>es (p. 
104) to coupl(‘ wit h dia/onium salts is also possessed by other 5-pyrazolones which 
are not siibstitui (m 1 in the l-])osit ion. Besides the direct preparation from pyrazo- 
iont's and diazoiiiurn sails, i)yrazolone azo dyes are also obtained by the reaction 
of liydre,zincs and b(‘nz(nieazo jS-oxo carboxylic acid esters (from /3-oxo carboxylic 
acid i)s((‘rs and diazoninrn salts; cf. benzeneazoacetoacetic estiir) {Jiuioio, Ber. 
32, 197). Thes(; dy(‘S have been shown to be azo derivalives of S-pyrazolol 
(v. A uuwrs, Ann. 378, 218). Some of tlunn have considerable commercial impor- 
tanc«; (Chir. Pals. H7575, 1900; 134102, 1900). The valuable yellow dyestulT, 
iartrazine^ belongs to this jijroup. 

The ester of l-phenyl-4-benzeneazo-5-h}'^droxypyrazole-3-carboxylic acid (T), 
red, m.p. 151 pr('j)ar(xl from dioxosnccn/uc acid ester osazoiui (Vol. 1), is the 
parent compound of tartrazine whose principal constituent is the trisodiurn 
salt of tartrazinii^ acid, l-(p-sulfophenyl)-4-(p-sulfobenzeneazo)-5-hydroxy- 
pyrazole-3-carboxylic acid (II): 


(I) NCellfi (11) NC6H4[4]S03Na 

N^on N^::on 

irOjC-C- CN:N -(-Wi, NaOjC-C -l;N:Nan.[4]SO,Na 

9 

The hittc'i’ acid is also obtained from 1-(p-sulfophenyl)'■5-pyrazolone-3- 
carboxylic acid {tAirlrazitiogctiic acid) anti din-zobtniztiutssulfonit^ acid, which proves 
its const itiil i>HI. A rnmotaitrazlnoycnic acid is protiutJt'd by the reduction of 
tartrazine with zinc dust, and water {Anschutz^ Ann. 294, 219; 306, 1; (hiehniy 
Benda, Ann. 299, 100). 


Pyrazolediones 

R'\d)a.zonic acid, mentioned on p. 105, is a derivative of 4,5-pyrazoledione, 

OC-OH 

I II 

OC-NHN 


Pyrazolidincs 

The derivatives of tetrahydropy^'azole, the pyrazolidincs, generally 
pass readily into jtyrazoline derivatives, and therefore have reducing 
properties. The simplest pyrazolidine is not known. 

JhC • CH 2 ' CIT 2 

N-Phenylpyrazolidine, | | , oil, b.p. 160“ (20 mm.), is obtained 

N (Cells)-NH 

from trimethyhme dibiornide (Vol. I, p. 372) with sodium phenylhydrazine 
{MicJmi'U, Lampe, Ann. 274, 316). In the air it o.xidizes to phenylpyrazolirie; 
with methyl iodide and alkali it forms l-phenyl-2-methylpyrazolidine, b.p. 175- 
180° (90 mm.). By n'duction of the corresponding pyrazolidone 1-phenyl-3- 
methylpyrazolidine is obtained (Knorr, Uuden, Ber. 26, 107). 1,3,5-Triphenyl-2- 

methylpyrazolidine, m.p. 110°, is prepared by reduction of the methyl iodide 
addition product of triphenylpyrazole with sodium and alcohol. 

3,5^Dimethylpyrazolidine, (CH8)2C3H4:N2H.2, b.p. 141-143°, is formed to¬ 
gether with 1,3-diaminopcntane by electrolytic reduction of acetylacetone di- 
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oxime, C'H3C(NOII)CH2C(NOH)CH8 (Tafd, PJeffermann, Her. 36, 219). This 
reaction corresponds to the formation of pinacols by reduction of ketones. 

PYRAZOLIDINECARBOXYLIC ACIDS are obtaimd l)y reduction of pyrazo- 
linecarboxylic acids {Buckner, Ann. 273, 214), and are more stable than the lat¬ 
ter. 4-Phenylpyrazolidine-3,5-dicarboxylic acid, m.p. 220° {Buchner, Berkel, 
Ber. 36, 3779). 

0X0 DERIVATIVES OF PYRAZOLIDINE. 1. PjTazolidones are prepared 
from /3-halogen a ted fatt}^ acids or ar,/3-olefincarboxylic acads with hydraziiu^s. 
When phenylhydrazine is used, two reactions are possibk‘, d(^pending upon which 
amine group of the hydrazine reacts with the carboxyl grouj) of the acid: 


(a) CHaCITCHCOOH 


Nll2NHC«H6 


CHaCH -GIB CO 


NH 


I 

-NCelT^ 


I-Phenyl-3- 

methyl-5- 

pyrazolidone 


(b) 


ClIaCHBrClUJOOH 


Nils NHCells CII3CH • CH2 • CO 

-> I I 

CcICN-NH 


l-Phimyl-5- 

m(ithyl-3- 

pyrazolidone 


Tlie n^sulting isonna's differ in lliat the 5-pyrazo)idone dmavaliva' i.s e.omplett'ly 
basic, wliile the 3-])y] azoiidone derivative shows acid charact<n'istics also, l^yraz- 
olidoTUJS are readily oxidized to pyrazolones; on reduction with sodium and alco¬ 
hol they are partially converted to pju-azolidines (see above). 


Pyrazolidone, 6o (Tl 2 C'H 2 'Nn jNTI, rn.p. 133 135°, from acrylic acid and 
hydrazine, is solely a base; it oxidiz(;s readily to pyrazolora' {Bothenhiirg, J.pr. 
51, 73). l-Phenyi-5-pyrazolidone, m .p. 78°, from ^-halogcaiopropionio acid with 
sodium formylph(mylli 3 'drazin(‘, or from acrylic acid with plumylhydrazine in 
toluene solution {Siolz, Ber. 28, 029), has only basic prop(irti(!S and oxidizes to 
l-phenyl-5-pyrazolonc, rn.p. 118° (p. 104). The isomeric 1-phenyl-3-pyrazoli¬ 
done, Cn 2 -CH 2 -CO-NH'NG 6 H!), m.p. 119 121 °, from |3-halogenopropioiuc acid 
with phenylhydrazine or from n,s-/3-phenylliydrazinoprf)pionic acid ester (G. P. 
53834, 1889), has acid i)rof)(‘rti(;s as well as basic; it oxidiz(\s to l-phenyl-3- 
pyrazoloiK}, {Harri(s, Loth, B(‘,r. 29, 517). 1-Phenyl-3-methyl-5-pyrazolidone, 

m.p. 84", b.p. 321°, from erotonie acid and phenylhydrazitn^, or from 
j)hcnylhydrazinol)utyrie acid (Ger. Pat. 71858, 1893), is a base and oxidizes 
readily I .0 l-pli(‘nyl-3-Tn(‘thyl-5-pyrazoIone; methyialion convcTts it t,o 1-phenyl- 
2,3-dimethylpyrazolidone, hydroantipyrlne, m.]>. 146°, which cannot be oxidized 
to aiiiipyrine {Knorr, Dudvn, B(*r. 26, 103). 1-Phenyl-5-methyl-3-pyrazolidone, 

m.p. 128°, from a8-^-phenylhydrazinobutyric acid, lias both acidic and basic prop¬ 
erties; it oxidizes to l-phenyI-5-irudhyl-3-pyrazolon(‘ (}>. 108). 1-Pheny^-^),5- 

dimethyl-3-py^azolidone, m.p. 110°, from chloroisovalc^ric acid, and l-phenyl-3,3- 
dimethyl-5-pyrazolidone, m.p. 75°, from dimeiliylacrylic acid and phenylliydra- 
zine; the 1,5,5,3-acid is split by boiling barium liydroxidi* solution to benzime- 
azoisovaleric acid, ('fiHsN: N'C(GH 3 ) 2 GH 2 GO()II {Moniemurtini, Gazz. 27, II, 
368; Breniice, Ann. 292, 284). 1,5-Diphenyl-4-hydroxy-3-pyrazolidone, 

GJT6N-Nil CO•CTT(OH) ^'TK^Hr,, rn.}). 173°, is prepar<Ml by lu'ating sodium 
phenylglycidate with jdienylhydrazine. When heatrd alone or with /nC42 it 
forms l,5-diphenyl-3-pyrazolone (p. 108), water being eliminated {Japp, MaiL 
Icmd, J. 85, 1490). 

2. Pyrazolidinediones are cyclic hydrazides of malonic acids: 3,5-Pyrazoli- 

dinedione, malovohydrazide, 6o- CH 2 -CO-NH-NH, oil, from malonic ester and 
hydrazine {Roihenhnrg, J.pr. 51, 43). l-Phenyl-3,5-pyrazolidmedione, phenyl- 
inalo7iohy dr azide, m.p. 192°, from the (dliyl ester of malonic acid munophenylhy- 
drazide {Michaells, Burmcislcr, Ber. 25, 1506), from malonic acid ester, phenylhy¬ 
drazine and sodium otliylate {Conrad, /art, Ber. 39, 2282) and from a mixture of 
malonic acid and acetylphenvlhydrazine with PCl.'j {MichaelU, Schenk, Ber. 40, 
3568), is apparently a phenylhy<iroxypyra:?oIone; with POCls it gives 1 -phenyl-^- 
chloro-5~pyrazolone, m.p. 141°, ajid pheny]dichloropyraz<4e (p. 96; Michaelis, 
Rdhmer, Ber. 31, 3003). l“Phenyl-4,4-dimethyl-3,5-pyrazolidinedione, m.p. 
176°, from dimethylmaJonic acid, acetylphenylhydrazine, and PCU {Michaelis, 
Ber. 40, 3569; 41,3865). 
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2. INDAZOLES 

As the indoles are benzo derivatives of the pyrroles, so the indazoles 
are benzo derivatives of the pyrazoles. 

The question of the constitution of unsubstituted indazole must be 
left open, since the imine hydrogen, as in monocyclic pyrazoles, seems 
to oscillate between the two nitrogen atoms. The following structural 
formula for indazole indicates this: 



Two seiies of N-alkylindazoles are known; their structure is deter¬ 
mined unequivocally by their manner of preparation. The 1-alkyl- 
or arylindazoles (i)reparation, pages 114 ff.) correspond to formula I, 
while for the isomeri(; 2-alkyl- or arylindazolcs (preparation, p. 114) 
formula Ha or formula lib is possible. Several derivatives of inda¬ 
zole, such as indiazone oximes (p. 116) and diazoindazoles (p. 116), are 
derived from the indiazene form (formula III), corresponding to the 
indolenine form of indole: 



R 

1 -Alkylindazoles 2-Alkylindazoles Indiazene 

(formerly called 
isoindazoles) 

While the constitution of 1-alkylindazoles is certain, it is difficult 
to choose between Ila and Ilb for 2-alkylindazoles. Spectroscopic 
data point to formula lib {v. Auwers^ Ann. 437, 70). With formula 
lib the 2-alkylindazoles are analogous to naphthalenes {v. AuwerSf 
Friihltng, Ann. 422,192, 206; v, Auwers, Krollyfeiffer^ Ann. 430, 230). 
In view of the several remarkable methods for synthesizing this ring, 
the indazole ring system is one of the most interesting of the hetero¬ 
cyclic series. 

Indazoles are nrepmed: (I) From the n-hydraziiiociiiiiamic acids by heating 

{E. Fischer, Taj el, Ann. 227, 303): 




CH=:CIICOOH 

NH~-NH2 


o-Hydraainocinnamic acid 


CH 

Call/ \n -f CH3COOH 
\ N/ 


H 

Indazole 


It is noteworthy that a lactam-likt^ anhydride of hydrazinocinnamic acid is not 
formed in this reaction; such a compound would contain a seven-membered ring. 
Gentle oxidation of o-hydrazinocinnamic acid gives S-indazoleacetic acid (see 
p. 117). 
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{2) o-Hydrazinobcnzoio acid is converted when heated with POCI 3 under 
prt'ssun; to 3-chloroindazolo, whicli is reduced to indazole by zinc and hydrochloric 
acid (Fischer, Seuffert, Ber. 34, 790): 



COOH 

NIINH 2 



(3) Indazoles are obtained by splitting off water from o-hydrazinoacelophe- 
nones or o-hydrazinophenylglyoxylic acids: 




cocoon 

NHNHj 


C.II< >N 


c—(^OOH 

■N/ 

II 


C6lB< 


^COCII, 

NHNH 2 


/XCHa). 
\ N ^ 


H 


(^) Indazoh'S are also formed from e-nK‘thyldiazob(‘nzenes (Mirhcl, drand- 
moKQw, Ber. 26, 2-349; Jiamhcrgcr, Ann. 305, 289): 



CHa 

N 2 OII 


o-Toliienediazo- 

hydroxide 



Indazole 


C6ll4<^ 


CII, 

N:N-NHC7n7 


o-Toluene- 

diazotoluide 


A large number of indazoles substilut.ed in the b(‘nzerie nucleus liave been ob¬ 
tained by this method. Tii(' diazohydroxid(‘ from o-toluidine when boih‘d in acid 
solution gives only o-cn'sol, but in neutral solution it. forms 3-tolueneaz()indazole 
and a little indazole; substituted benzen(aizt;i)idazol(‘S are usually obtained in the 
d('compositioii of o-nudhylatcal diazobenzeiu's in strongly alkaliia^ solution, in 
which the^ indazole ])i’odiic(‘(i cou])Ies with the diazo compound which has not yet 
decomposed. Only the diazo comjxainds from nitrated o-inethylanilines react 
immediately to give indazoles, which are obtained in good yield by boiling these 
compounds with mineral acids or by treat ing t.hem witli glacial accdic acid (Noel- 
king, Ber. 37, 2556). If e-aminobenzaldoxirnes are diazotized, indiazone oximes 
are formed; these are readily isomerized by water or alkali to o-triazobeTizalde- 
hydes (Bamherger, Demath, J3er. 34, 1309): 


/CH:NOH 

^NaOIl 

o-Diazobenzaldoxiine 


- '-■•"<„> - 

Indiazone oxime, rn.p. 160° 


C,H4. 


/ 


CHO 


e-Triazobenzaldehyde 


(6) Indazoh'S are produced smoot ldy from the nitroso d(‘rivativcs of acylated 
o-methylanilines by warming in benzene solution (Jacobson, Haber, Ber. 41, 660): 




Clh 

N(NO)COC6ll6 


.CH. 

C«Il4< >N -f CeHsCOOH 
\ N / 


H 


The following syntheses give 1 -alkyl-, l-aryl- or 1 -acylindazoles: 

(1) From o-as-alkylhydrazinocinnamic acids or o-as-alkylhydrazinaceto- 
phenones: 




CH:CH-COOH 

NR-NHa 



CeU 


<: 


COCIls 


NRNHs 




114 FIVE-MEMBERED RINGS WITH TWO HETERO ATOMS 


(j^) ]-Acyliiidaz(>l(;s can bo obtained from certain acylated o-aminobenzaldox- 

imes or ketoxinies with alkali carbonate (v. AuwerSt Ber. 58, 2081; o. Auwcrs, 
Frese, Aim. 450, 273): 



CH:NOCOCai 

NHCO-CTl, 


5 


/CH 
CcHZ \>n 

^NCOCTla 


{3a) From the phenylhydrazones of aromatic carboxyl compounds which 
contain sev<a-al nitro groups, such as the phenylhydrazone of e,p-dinitroplionyl- 
glyoxylic acid CiSler, which gives l-phenyinitroindazol(‘-4:l-carboxylic acid ester 
{Meyer^ Ber. 22, 319): 

/C(COsR):N 

NOaCelK I +K011 = 

^NOa micdu 

.C{CO,li). 

N02-C,Ii,< Sn + NOiK + lIjO 

(.*?/>) By a similar conversion l-hcfizai/l-i'f-fn'iroiNdazolc is formed from the 
bfmzoylhydrazone of 2-chloro-5-nitrobenzaId(*hyd(', HGl being (eliminated 
{MeisctthehfK'r, S(‘'ri‘n, Ber, 59, 199). 

Indazoles liaving an alkyl, aryl or acyl group in tiu' 2-position are pn^pared by 
the following in(‘thods: 

(a) By r(^duc,tion of e-nitrobenzyhiniliiu'S (Vol. Ill, p. 202) 2-])h(‘nylindazoles 
are formed {Foal, Ber. 24, 961; Busch, Biu’. 27, 2899): 



CH 2 —NITGeH 
NO 2 


h 


J1 


/CHv 


JT 5 


{h) 2-Phenylin(lazole is also obtained from o-benzeneazobenzyl a]c(»hol by 
treatment with 00% sulfuric acid (litf'rature: Bamberger, Ber. 44, 1967): 


-CIEOH 

-NiNCAh 


H 2 SO 4 



NCelB 


(c) l^y an unusual r(‘ac( ion /Iz-chlorinaO'd 2-ph(‘nylindazole is pmducied by 
the action of BC'lr, on o-beiizeiK^azobcaizoic acicl insti'ad of the exp(;cted acid 
chlorid(5 (literature: Buniherger, Ber. 44, 1967). 

Frope.rties. indazoh'S are usually crystalline, slightly basic; compounds, 
but th(;y also form salts with met als: Ag, Na (v. A uwers, Schaich, B(;r. 54, 1700). 
Tlntv are quite r(‘sistant to oxidation; chromic acid sj)lils 2-])h(;nylindazol(‘ to 
azobenzeiKuairboxylic acid. FTydroindazoles are form(‘d with difficulty. Th(' fre(j 
imine group is n^adily .alkylated and acylated. Alkylat ing ag(mt s convert indazole 
to N-alkylindazol(‘s and, with an (‘xc(\ss of alkyl halide, to indazolium compounds. 
The type of N-alkyl (lerivative formed (whcither 1-alkyl or 2-alkylindazole) 
depends: (/) o7i the m(‘thod of alkylation, {3) on the nature of the alkyl halide, 
and (5) on the temperature (c. Auirer.^, Srhmrh, Ihr. 54, 1738). Wlnm indazole 
is heated dinjctly wdth alkyl halicEs 2-alkyl derivat ives are formed■'|)ref(;rentially. 
Pure 1-alkylindtizoles are obtaiimd also by ring-synthesis (p. 113). F(jr ac'yl- 
indazoles, S(;e below. Indazole and the Rz-substituted indazolt;s couple with 
diazobcmzenes to give bcnizeneazoindazolcs, and with benzaldehyde to give 
benzylid(;ne-his-indazole, C6H5CH(("7HftN2)2. 

Indazole is nitrated by (;ori(;eni rat(3d IINO 3 to 5-nitroindazole (see b(‘low); it is 
sulfonati^d by fuming sulfuric acid {v. Auwers, Kleiner, J.))r. 118, 07). With 
NaNOj! ind.'vzole givt^s nitr(jsi>indazolo, m.p. 74For the action of halogens on 
indazoles, see halogen derivatives of indazole. 

INDAZOLE, m.p. 1-16”, b.p. 270°, is prepanal from its carboxylic acid (p. 
117), from o-hydrazinocinnamio acid, from ehloroindazole, from benzoyl-o- 
tolylnitrosamine, from o-toluenediazonium chloride with aqueous sodium hydrox- 
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ide (i). 113), and from o-aminobcnzaldeli.ydc by diazotizalion (EUasIfcrg, Frivd- 
Bor. 25, 1751). 2-Tn(lazul«)l, CclB^ \nOII, m.p. .strongly 


acid, from f)-a/idobcjiz;tldoxiiiK‘ (V'ol. IH, p. 33J) by boiling wifli aqn(M)Us so¬ 
dium livdroxich', is n'duci'd to indazolc with zinc a,nd hydrocliloric acid {Hanihcrgi Tj 
Dnnuth, B(‘r. 35, 1S91). 

N-ALKYLINDAZOLES. 2-Alkylind;xzol(‘s an^ strongf‘r bases and boil at a 
higher temperature than 1-alkylindazoles (/>. Awivcrs, iHieshcrg, B('r. 53, 1179; 
V, A iiirarti, Pfnhly Ber. 58, 13()3). The pierates of tiie 2-alkyliiulaz()les melt iiigher 
than lh()S(^ of the isomeric l-alkylindazol(iS. 

1 -Methylindazole, m.p. 60®, b.p. 231®, from indazole and nudJiyl iodide in the 
pr('.s(ajce of sodium methylate {v. Auwers, Duvsherg, Jh'r. 53, IBHi). 2-Methyl- 
indazole, m.p. 56°, b.p. 261 ”, from indazoK* and uk^I hyl iodide or by dt'carboxyla- 
tion of 2-m(‘tliylinda/ole-3-ca,rboxylic acid (c. Auwvrs, Dilcshrrg, Her. 53, 

1 - Ethylindazole, b.p. 127” (21 mm.). 2-Ethylindazole, m.p. 30”, b.p. 268”. 

2 - Propylindazole, m.j). 29°, >).p. 141° (14 mm.) (/». A///reos, Pfuhl, Ber. 58, 1360). 
1 -Benzylindazole, m.]). 64.5°, b.p. 193° (15 mm.). 2-Benzylindazole, m.p., 71°, 
b.f). 219° (15 mm.) {P'isckrr, Hfochniann^ Ber. 35, 2318). 

OTHER ALKYLINDAZOLES. 7-Methyl-, 5-methyl- and 5,7-dimethyl- 
indazole (for the numbering, s(^(i p. 112), m.p. 138°, 115° and 134°, are obtained 
from the xylidines and from mesidine by m/'lhod 4 ^ (Bamhtrger, Ann. 305, 

3(J8, 363; /uro^/.so//,//w/>cr, Ber. 41, 666). 3-Methylindazole, m.p, 113°, b.p. 
281 °, from o-hydrazinoacetopheiione, reacts with acetyl chloride to give 2-acetyl- 

3- methylin<lazole, m.p. 72° (v. Ainvers, v. Aiayv.tthvrg, B/t. 24, 2380), and with 

rnetliyl iodide to give 2,3-dimethylindazole, m.p. 8()°. 1,3-Dimethylindazole, 
m.p. 36° (r. .4//?/)cr.s, Dilrshcrg, Bor. 53, 1202). 2-Phenylindazole, m.p. 84°, 
b-i). 345°, is formed from o-nitrobenzylaiiilitie by reduction (seeabove) (v. A utvers, 
Strodicr, Bit. 59, 535), and from o-benzeiieazobenzyl alcohol by luxating with 
IBvSO* (s(H‘ above). 2-Ph(‘nylinda/()le is (>xi(iized l)y ('rOs to azol)enz(‘n(‘(!ar- 
boxylic acid; it forms a methyl iodide a<l<liti<ni product, m.p. 188° (/\;/?/, Ih'r. 
24,3058; Pun/, Vv/Zr/.Yf, Ber. 27, 48). 3-Phenylindazole, m.p. 108° (116°), is 
obiaitunl by /(‘dnetion of o-diazobenzoplKuioiH' (r. .l////'c/\s, Ber. 29, 1265; v. 
Auuh^.rs, Ber. 55, 1113; v. /1//avr.s, Schainny Beax 62, 1671). 

N-ACYLINDAZOLES. Jlinad- aeylalion of indazole usually produce's botli 1- 
aijil 2-acylindaz(>l('s (r. Airtvcrs, Ber. 52, 1331; Aim. 450, 273; MrUvnheimer^ 
IHcdrichy Ber. 57, 1715). Pur(‘ 1-acylindazok's are obtained by ring-synthesis 
according to eejuations ^ and Sh on p. 114. 2-Acylin(lazoles are bexst prepared by 
acylation of indazok'S at, moderate tempe^ratures or by acylation of their silver 
salts (?x Amvers, Ber. 58, 2081). Tlu^ labile 2-Hcyl derivatives rearra/ige readily 
to 1-aeyl derivatives (v. A umrs, Demuthy Ann. 451, 282); the principal cause of 
this wandt'riiig of the acyl group is the teridemcy of the o-quiuoid system (formula 
lib, p. 112) to pass into the benzenoid syst(“ra (formula T, p. 112). 

1-Acetylindazole, m.p. 42° (//. Aimers, Frese, Ann. 450, 289). 2-Acetylinda- 
zole, m.p. 106°. 1-Benzoylindazole, m.p. 93°, according to equation ^ (p. 114). 

1-Acetyl-5,7-dimethylindazole, m.p. 72°, by isomerization of the 2-acetyl deriva¬ 
tive, m.p, 117° (/'. Avirrrs, Ertwcl'e, WoUvr, Ann. 478, 156). 4-, 5-, 6-, 7- 

Nitroindazole, m.p. 203°, 208°, 181°, 187°, from the diazo deriva11v('s of the 
nitro-o-toluidines (see above). 1,3-Diphenyl-5-nitroindazole, m.p. 181°, from 
the phenylhydrazone of 2-chlorobonz()phenone (Anschutz, Ann. 454, 112). 

INDAZOLIUM COMPOUNDS. These cpiaternary ammonium compounds 
are formed by heating N-alkylindazoles with alkyl halides at 100° (bomb). 
Their behavior indica1(?s that tlicy have the formula: 



Thus 1-methyl- and 2-methylindazole give the same dimethylindazolium iodide 
with methyl iodide, and twx> isomeric indazolium compf)unds w4th other alkyl 
halides. 

When heated over tli(‘ melting point the indazolium compounds decompose 
to alkvl halides and N-alkylindazoles. Goiterally 1-alkylindazoles result, unless 
the alkyl group in the 2-position is attached much more firmly. (Tables of the 
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dc'composilion products: v. Auwers, Pfuhl, Ber. 58, 1362; v. Auwera, Duster 
dirk, Klrifirr, IUt. 61, 101 .) 

1,2-Dimethylindazoliuin chloride, lu.p. 137*"; bromide, m.p. iodide, 

ni.p. 187°. l-Mj2thyl-2-ethylindazolium chloride, ni.p. 186°; bromide, m.p. 
197°; iodide, m.p. 173°. (Othcu* iudazolium conipounds: v. Aiiwr 7 '-s^ Pfuhl, 
Ber. 58, 1367.) 

3-AZO, AMINO- and DIAZOINDAZOLES. 3-Azo (h'rivatives of the iiida- 
zoles are pn^pand by the action of alkalint^ di.azo solutions on the indazoles; they 
are also formed to^^i^thi r with indazoles by the reaction of o-ini'thylated diazoniiim 
salts with alkali (k(‘(' p. 113, method 4). 3-Benzeneazoindazole, CrHiiNj- 
(jN‘:KC'6Hf.), oranjre-yellow needles, m.p. 191°. 3-Tolueneazoindazole, m.p. 
211°, from n-diazot.(duene. 3-Mesityleneazodimethylindazole, rn.p. 258°, from 
diazoraesidine. 3-(Nitromethylbenzeneazo)-nitroindazole, see Noeltiug, Ber. 
37, 2579. 

On reduction th(*se azo compounds are split to primary aromatic amines and 3- 
arninoindazolfis. 3-Aminoindazole, Cyi&N-jCNH-i), m.]). 154°, is also obtained 
from o-aminol)enzonitrile by diazotization and subse(}uent, reduction, by rear- 
ranf((?ment of the n-cyanophenylhydrazine first formed (licisscrt, (rrvhe, Ber. 42, 
3716). 5-Methyl- and 5,7-dimethyl*3-aminoindazole, m.p. 191° and 151°. 
With nitrous acid tlu^ arninoindazoles form relatively stable diazonium hydroxides: 
C 7 H 6 N 2 (N 20 TT), etc., which are convcTted by elimination of water to more stable 
inner anhydrides, the indazoletriazolem^s (I). Indazoletriazolene, ^-diazoirida- 
zole, yellow ne(‘dl('s, m.p, 106°; the latt(*r couple readily with phenols and naph- 
thols to jijive hydroxyazo dyes; with tlu^ hydro^^en halid(‘S they give 3- 
halogenoindazoles. 5-Aminoindazole, m.p. 181° (Fries, Ann. 454,306,310); 
1,3-diphenyl-5-aminoindazole, hydrochloride m .p. 312°, both from the (jorrespond- 
ing nitro compounds. When the aminoindazoles are oxidizc'd with hydrogen 
peroxide, bi(*hromate <a' the like in acid solution, 4-oxo-3,4-dihydro-l,2,3-bcnzo- 
triazines, benzazimides (II), are formed (Uamherger, Ann. 305, 289; Ber. 32, 
1773, 1797; Hanlzsch, Ber. 35, 892): 

- 

(I) C.H.<( I \|| (?) 

\n=n n 



In alkaline solut ion the aminoindazoles are oxidized (wen by the oxygen of the 
air to azoindazoles: Azoindazole, fC 7 Tf 6 N 2 )N:N(C 7 H 5 N 2 ), dark red needles, 
m.p. 229° (Jiamherger, Wildi, Ber. 3Q, 4276). 

HALOGEN DERIVATIVES OF INDAZOLES. Indazole is readily substituted 
by chlorine and bromine. The principal products are 3,5-dihalogenoindazoles; 
when the silver salt of indazole i.s used, 3-monohalogenatod derivatives are ob¬ 
tained, 5~MoiK)halogen derivatives result from the action of chlorine and bro¬ 
mine on acetylindazole (n. Anwers, Lange, lh‘r. 55, 1148). 

3-Chloroindazole, m.p. 148°, from diazoindazole (see above) with hydrochloric 
acid, from o-hydraziuobenzoic acid by lieating with POCls under pressure or from 
the Ag salt of indazole by chlorination (v. Amoers, Lange, Ber. 55, 1158); the 
chlorine atom is very firmly attached. 3-Bromoindazole, m.p. 142° (ibid., p. 
1165); 3-iodoindazole, m.p. 142°. 5-Chloroindazole exists in two forms, m. p. 
120° and 144°. 5-Bromoindazole, m.p. 125° and 133°. For other mono- and efi- 
halogenoindazoles, sei' v. A imers, Lange, Ber. 55, 1157 ff. 

yC(on)v 

2-Phenyl-3-indazolol, | ^NCoHa, m.p. 218°, is prepared from o- 


benzeneazobenzaldeliydi' nctdal, OeF4r,N: NC«H 4 CH (OCHs) 2 , by saponification 
with dilutee sulfuric acid (Freundler, de Lahorderie, Bull. {IV], 1 , 234). 2-o- 

Carboxyphenyl-3-indazolol, C,llZ | >NC 6 H 4 l 2 ]COOH, m.p. 228°, is ob¬ 


tained in the form of its lactone, m.p. 295°, by the action of POCh on o-hydrazo- 
benzoic acid (Carr^, C.r. 143, 54), or from 2,2'-azoxybenzaldehyde by boiling 
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with glacial acetic acid (Bamberger^ Lublin, Ber. 42, 1706). 6-Indazolol, m.p. 
215-216®, from the corresponding nitroindazole (Witt, Noeliing, Grandmougin, 
Ber. 25,3152). 

INDAZOLE KETONES. 3-Benzoylindazole, m.p. 189°, from 3-cyanoinda- 
zole and CeHsMgBr (MeUenheimer, Diedrich, Ber. 57, 1719); also, 3 -acetyl- 
indazole, m.p. 182°. 

INDAZOLECARBOXYLIC ACIDS. 1-Indazolecarboxylic acid ethyl ester, 
b.p. 156° (10 mm.), from indazole and cliloroforrnic ester (?n Auwcn^, Frese, Ann. 
450, 273). 3 -Indazolecarboxylic acid, m.p. 295° (dec.), is pr(‘pMr(‘d from o- 
hydrazinoplienylglyoxylic acid, which is obtaimxi from isatinic achl, thus consti¬ 
tuting a transition from the indole to the indazole seric^s (Srh<u{, Ih'r. 26, 217); 
its nitrilCy m.p. 140°, is produced by the action of nilro\is acid on o-ainino-rj;- 
tolunitrile (Pschorr, Hoppe, Ber. 43 , 2544). The indazol('c:uTo^ylic acid d(‘- 
composes on heating into indazole and CO 2 . N-Alkyl d('rivativ('s of 3 -ind z >le- 
carboxyiic acid: v. Aiavers, Dereser, Ber. 52, 1340. 

3-Indazoleacetic acid, in.p. 109° (dec.), is ])repa,n‘d by inild oxidation of 0 - 
liydrazinocinnamici acid; when heated it yields 3-rnethyli?ida,zol(' and CC);. 

1,3-Indazoledicarbo^lic acid dimethyl ester, m.p. J75" (/-. Ah'irrrs, Strddfrr, 
Ber. 59, 537), from 3-indazolecarboxylic acid methyl ester and cliloroforinic acid 
methyl ester. 

INDAZOLINES. 2-Phenylindazoline, CfiTl/ m.p. 138°, is 


forincHi by reduction of plumylindazole with Na and alcohol, and is rc'converted 
to tii{‘ indazole by mild oxidation (FeCb); /iz-nitro-l-phenylindazoline -3 -car¬ 
boxylic acid, m.p. 235°, by similar nHluctiou of phenylnitroindazoh'carboxylic 
acid (Schylhofer, Ann. 264, 149). 

Products which appear to be benzo- and naphtbodihydropyrazoles an' obtained 
by th(‘ Hiaction of (piinoru'S with diazomethane. From b(a>zo(|uin()ne and diazo- 
111(4 hane a yery stable' compound is formed which s(‘eins to hav(' tin' forirnda: 



1,4-NaphlhoquinoiH^ and na,pli1haza-rin giv(^ tb(‘S(j 


fCII. ^ fClIv 

iiaph<hopyraz(.)les: CiuBeOox and (hoH 4 (OII);;(b< yN. The tri- 

(nik \mv 

acetyl dc'.riva,five of the latt(U compound isoxidiz(‘d by nitric acid to 4,r)-pyrazole- 
dicarboxyUc acid (p. 100). Similar products are obtained from diazomethane and 
trinitrobeuzene or jiicric acid (c. Pechnant(,Fc(i, Her. 32,2292; v. Pvchmaiin, Ber. 
33,627). 

3-Indazolone, henzopyrazolone, is the inner anhydrides or lacdazarn of n-hydra- 

zinobeiizoic acid, CcH^ >NI[ (Spring, Ann. 213, 333; c/. Thodr, J.jir. 69, 
^NTK 


94). 1 -Phenylindazolone, (MT 50 N 2 (C 6 Hi)), m.p. 209°, from e-aminobenzoyl- 
phonylhydrazine with N 2 O 3 (Kdnig, Rcissrrl, Ber. 32, 782). 7-Nitro-2-phenyl- 

S-indazolone, from 3-nitro-2-phenylhydrazinobonzoic acid ester (Rupc, Her. 30, 
1100 ). 

A general method for the preparation of 1 -alkyl- or 1 -aryKl-indazolones has 
been (ievis(;d by StolU (J.pr. 116, 192). It consists in the rearrarigemcmt of NjN - 
aryl alky Icarbamic acid azides RR'N-CONa into l-alkyl-3-indazolones by (dirni- 
nation of nitrogen undt'r the influence of heat: 



N(CH3) 



CO 


kA/ 

N(CH8) 



l-Methyl-3-indazolone, m.p. 154°; 1 -ethylindazolone, m.p. 134°. (Others: 
StolU, J.pr. 117, 185). 
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4,5,6,7-TETRAHYDROINDAZOLES have been obtained by Wallach (Ann. 
329, 109) by the action of hydrazine or seinicarbazide on the hydroxymethylene 
derivatives of hydroaromutic ketones {cj. e. Aiiwcr.^, Buschniann, Heidenreichf 
Ann. 435, 277): 



H 

NCONII 2 


II 

./bOH 
It 

/s^^N-CO-NHa 

N 



4,5,6,7-Tetrahydroindazole, m.p. 84°, b.p. 151® (14 mrn.) (?;. Auvwrs, ]hisch- 
rndnii, Hfidenreic/i, Ann. 435, 803); picrate, in.}). 156° (ibid., }>. 277); for other 
d(‘rivMtiv(iS, k(H! v. A lovcrs, n. Sans, WULekindt, Ann. 444, 209; v. Aiiwer.s, Conrad^ 
KrvcfL-r, Ottin^y Ann. 460, 57. 

This class of co^np^»unds also includes the dicyclic pyrazolone derivatives ob- 
tairaal from cyclok(4on(‘-/l-carboxylic acid (‘St(‘r8, sucli as ox('cyclo})entane- and 
oxocyclo}H^xane-2-ca;rl)oxyiic acid esters, and cam})hocarb()xylic acids estcas (Vol. 
II, p. 294), with })h('n34hydrazine: 


CHa • CH 2 • Oil • CO. /Clio • CH • CO. 

I I >N.(’6nr., cn< I VV Cells 

CH2-C1I2-C \CH2-C -~- N/ 


c- 


|j 


V^N (Coils) 


CO. 


NH 


(/arrpihoroxalic acid ester and |)henylhydrazine ^i\(‘ j)h(‘nylcarn])ho}).vrazole- 
carboxylic acid estt-r (r/. Wdhl, Ber. 32, 1987; Dicckmdun, Ann. 317, 27). 

^/CO\^ , 

Dihydrobenzodipyrazolone, IIN CoIT Nil, m.j). 257®, is jire- 

pared from succinvlsiuaanic acid i‘st(‘r and hydrazine {v. liolhetihu.rq, Ber. 27,172). 

/ CO 

N,N' - Diphenyldicarboxybenzodipyrazolone, (riOOC) 2 Cc( 

\ -NIT 

from hvdro(}uinonet(4,racarboxylic acid estiT and })henvlhy(irazin(* [Ac/, Am. 
Chem.J. 12 (1890), 379j. 



3. ISOXAZOLES 
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IM Ml 

[a] HC6,2N 


o 

Tho isoxazole rin^ is a fiinin rinp; in wliicli one of tlie methine groups 
adjacent to the (J is replaced by N. It resembles the pyrazole ring 
more closely, as may be seen by a c.omi)arison of the two structural ’ 
formulas: 


HC—CII 

4 K 


H 


Isoxazole 


nc cii 
nil 11 


NH 

Pyrazole 


This similarity is also appai'ent in their synthesis. (1) As the 
pyrazoles arc obtained from the hydrazones of /3-dioxo compounds, so 
the isoxazoles are prepared from the monoximes of j^?-diketones and 
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/3-()X()ul(lehydes or hydroxymctliylone ketones by elimination of water 
(CJ^usen.^ Ber. 24, 3906): 


CeTT^C C^Ib COCoIb 

II -> 

N Oil 

Ik^nzoylariotophenone tnonoxime 




N-O 


3,5-Di])hcnylisoxazole 


(:’:*) lsoxa,z()I(‘s are 
{Cldlsr.n, IW. 36, 3665; 

cno Nib 

I ^ I-) 

c-cii on 


formed from propiolal<l(']iyd('s and liydroxylamiiie 
44, 1161; Moureu, Dclaugr, C.r. 138, 1339): 

CIl: N -V CII=-NOII OIT--~N- 

I >0; I -^ I 

CH:CFK C: CCelb ClUCXCelTa) 



Sirniliirlv ac\dac(ityl(‘iies aiid plieDjdhydrazine fi,ive 3,r)-disiil)«1iluted isoxazoles 
{Mourcu, Jlrarkhi, C.r. 137, 795; 139^ 294). 

With imsymiiKitric diearbonyl eompounds, two isomc'rie isoxazolc^s are usually 
|)i<)(]u(‘cd. To obtain isoxazoles of e<'rtain eonstitution the synthesis from un- 
symioetric 1,3-diketoncs or aeylac(‘tylen(‘s and pla'iiylliydra/ine must be ust'd 
vN'ilh can (ion, sinec^ it is not known which of (Ik* two oxo ^rouf^s will react first, or, 
wlien aoyhic(*1yl(‘nes are used, whetlu^r th(‘ conversion of th(‘ oxo ^roup to an oxime 
or the addition of h 3 alroxylamine to the acetylcTie bond takes place more rapidly. 


(5) A completely unequivocal synthesis of isoxazoles consists in 
the I’caction of hydroxamic acid chlorides with sodium derivatives of 
acetylenes {Weygand^ Bauer, Ann. 459, 123): 


CNa 


R- 


+ 


CIC-R' 

II 

IIO-N 


nc- 

■k 


R 


v/ 


C-R' 

II 

N 


+ NaCl 


}'\)r (he foi'inafion of isoxazoles fi’oju ni(roj)araf!ins by tnxairnent vvitli alkali, 
s(‘(‘ f)it/Infill, Dyitiovd, ,1. 1391, 410. This method is (‘spc'cially useful for the 
pn'paration of (riarylisrnxazoles (fleini, Ber. 44, 2020; Meisr,nhn.rncr, Wcibvzahn, 
Ber. 54, 3195). 

Properties .—The isoxazoles, like the p.in-azoles, are weak bas(‘s. Whik* the 3,5- 
disubsti(ii((‘d isoxa/tdes are v<*rv resistant t,o alkali, tlu' isoxazoh^s with a free 3- 
position rearranite to /3-oxo nitrihxs in al(a)holic alkali, tiven in the cold: 

N:CJI-011:011-6 -> NiO-OIIj-OHO 

Isoxazole Malonaldehydic 

acid nitrile 

N7on-Cn7o(CJlTt> -> N-O-OIIrOOOeH, 

5-Phenylisoxazolo Benzoylacetoiiitrile 

Isoxazoles wit h substituted 3-position but free* 5-posit ion are decornjiosi'd when 
warmed with alcoholic potassium hj^droxide into carboxylic; acids and iiit,iil(*s 
{Claiseriy Ber. 36, 3672): 

N:0(0H,)-0H:CH-6 -► N; O(OHs) -f OH, • 00011 

For rintr-fission by reduction, seo Ber. 24, 3912. 

ISOXAZOLE, b.p. 95°, d^^ 1.07S (n. Auvurs, Bia. 57, 463), very thud licniid 
with an odor like pyridine, forms crystalline compounds with PtCI^ and with 
CdCl-i (Claiseriy Ber. 36, 3665). 5-Methylisoxazole, b.p. 122”, and 3-methyl- 
isoxazole, b.p. 118°, arc prc'pared together from hydrox^unctlwleneaeetone and 
NlbOH: the 6«inethyl derivative is also obtairu'd from tcirolaldehydt; or its 
acetal with hydroxylamine (Claisen, Ber. 44, 1161). 3,4,5-Trimethyiisoxazole, 
in.p. 3.5°, b.p. 248°, from the monoxime of methylacelylaccione and from nitro- 
ethane with alkali (Dunstarif Dymond, J. 1891, 410). 5-Phenylisoxazole, m.p. 
23°, b }). 247°, is formed from phonyIpropiolaldoxime in cold aqueous sodium 
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lij^droxide solution and rearranges in sodium ethylaU^ solution to phenacyl cy¬ 
anide; it is also obtained tog(‘th(n- with Mu* isomeric 3-phenylisoxazole from 
hydroxyniethylcnieacetophonone with NH 2 OH (Claisen, Her. 36, 3673). 3- 

Methyl-5-phenyIisoxazole, m.p. 68'",b.]). 125° (19 mm.), from benzo}dacetone or 
pheny]a(‘eiylac(‘tyl('ne (Mouren, Bnichi.n, (hr. 137, 795), is convcu'ted by heating 
with ah'obolic ammonia into 3-m(ithyl-5-pheny]pyrazol(^ (p, 94). 3,4,5- 

Triphenylisoxazole, m.p. 212°, from phenylnitrometbane and benzaldehyde or 
from 7-nilroatiIbene by treatment with warm aqueous sodium hydroxide solution 
(Heim, Ber. 44, 2020; Mciaenheimer, Weihezahn, Ber. 54, 3195). For other tri- 
arylisoxazolos, se(^ Afei.srnhrimer, Weihezahn, Ber. 54, 3200. 

4- Nitroisoxazole, m.p. 40-47°, from nitrornalondialdebyde (Vol. I, p. 591) 

with 1 m(d bydrox34ami7H\ is decomposed by water to nitromalonaldehydic acid 
nitrile [Hill, Hale, Am.C4)ejn..J. 29 (1903), 253]. 3-Phenyl-4-nitroisoxazole, 
m.p. 116°, is forrtjed from cinnama]debyd(‘ witli nitrous gas(\s and is split by alco¬ 
holic f)otassium bydi'oxide to iKuizonitrile and nitroacetic est(n-; when reduced 
with Al-amalgjim it giv(\s 3 -phenyl-1-aminoisoxazole, b.p. 179° (12 mm.), 
(Wiela/nJ, Ann. 328, 245). 3-(4'-Nitrophenyl)-5-phenyl-4-nitroisoxazole, m.p. 

199°, from benzalac(4o[)li(‘non(‘ with N 2 O 3 (Wielarid, Ann. 328, 224). 

For rncjlar refraction and sp(‘cific weigbl, of a scenes of isoxazoles, see v. Ainvers, 
Ber. 57, 463. 

ISOXAZOLECARBOXYLIC ACIDS, The (‘sb‘rs are ])i(‘par(‘d from the oximes 
of a, 7 -dioxo acid esters: 

(Clla)CO•(;H s-(;((X) 0I{):N on --> (CHa)C:oil• 0 ( 00010 ;Nni 

a-lHonitro8»'levulinic acid CMtor r>-M<*thyliHoxazole-3-carboxylio 

acid ester 

5 - Methylisoxazole -3 -carboxylic acid, m.p. 176°, and 3-methyIisoxazole-5- 
carbojtylic acid, rn.i). 211°; their I'sters are obtained toge(b(‘r from acetyl- 
pyruvic acid ester and NH 2 OH.. The fre(‘ acids do not split into and 
isoxazobi when iKaittnl, but dt'compose completely (CUiit^ca, Ber. 24, 3908). 

5-Methylisoxazole-3,4-dicarboxylic acid, m.p. 183° (dec.), is ol)tained in the 
form of its dudh^d c'ster, m.p. 57°, by the action of fuming nitric acid on mono- or 
diacet^dsuccinic jicid est(‘r (Schmidt, Widm.ann, Bit. 42, 1S69). 

BIISOXAZOLES are formed from oxalyldikotones and hydroxylamine: 

CH 3 COCH 2 COCOCTI 2 COCII 3 -^ 

2,4,5,7-Octanetetrone 

O N:0(0H,) ■OH:(i-67 cH• C(CH,):N• b 

3,3'-Dimethyl-5,S'-biisoxazole 

The interine.diate product in this redaction, 5-acidoacetyl-3-methylisoxazole, 
is also obtjiined by condensat,ion of 3-mothylisoxazole-5-carboxylic acid ester 
with acetene (('Ha.Urn, Ber. 24, 3910). 

ISOXAZOLONES, OXOISOXALINES. The isoxazolones are 0 x 0 derivatives 
of tlie hypothetical dihydroisoxazole or isoxazoline; they are analogous to the 
pyrazolones. The 5-isoxazolon(‘S are easily accessible, being obtained from the 
oximes of the d-oxo carboxylic acid esters by elimination of alcohol [Claisen, 
Zedel, Ber. 24, 140; Schiff, Viciani, Ber. 30, 1159; Erlenbach, Ann. 269, 33; 
Oliveri-Mnndald, Atti accad.Lincei [5] 18 (1909), II, 141]: 

HO N--C(CIl3)~-CIl2--COOR -> O • N=-C(CH3)™CIl3—bo 

Oximes of isoxazolones derivativess are formed by the action of hydroxylamine 
hydrochloride on glyoxal, mothylglyoxal, })henylglyoxal or the like (or their 
oximes) (cf. Scholl, Ber. 30, 1287). 

Like the pyrazolones (p. 103), the isoxazoloiK's have several possible structures: 

CHj—COv OH—COv CH==C(OH)v 

(I) 1 >0 (II) 11 >0 (III) I >0 

6h=n/ ch—nh/ ch-====n/ 

The isoxazolones have a decidedly acid character*; they decompose alkaline 
earth carbonates in the cold, and form salts not only with metals, but also with 
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ammonia and primary amines. The composition of th(‘se salts is variable (8(?e 
below). The metbylisoxazoloiies pref>ared from tlie silvca- sjdts with methyl 
iodide or from the isoxazoloiujs themselve.s with diazoinethaiie split methylamine 
when distilled with caustic alkiili; the nn^thyl ^roup af)p('ans to be attached to the 
N, and the compounds are tlu^efore derived from formula II abov(‘ \ Uhle7ihfdhf 
Ann. 296, 37; 0liveri-Mandald, Coppola, Atti accad.bincei 15] 20 (1911), I, 244]. 

3 -Methyl-5-isoxazoloije, m.p. from acetoacetic (\st(a* oxime. Ba-salt, 

(C«H703N2)2Ba -f iVa H2O, nimnonium salt, (C8H70aN2)NTf4, both readily 
soluble in H2O and alcoliol; methyl derivative, (C'JT703N2)(Tl3, m.p. 75° {Vhlcn- 
hath, Ann. 296, 46 ). Condensation of aeet.oaei‘tic est(‘r oxime in tli(‘ pre.sence of 
benzenediazonium salts ^?ives thc^ phenylhydrazoiie of 3 -m( 4 ,hy]- 4 -oxo- 5 -isoxazo- 
lone, (C4H3NO2) ;NNHC6n6, m.j). 192 '". Acetoacetic tester oxime and ketones 
or aldehydes form compounds such as isopropylidene- and benzylidenemethyl- 

5- isoxazolone, (C4H:iN02) :C(CH.-5)>, m.p. 121°, and (C,,H3N02):CHCeHs, tn.p. 

141° {Schif, Bettiy Ih^r. 30, 1337). 3-Phenyl-5-isoxazoIone, m.p. 152°; silver 
salt, CeHoNOaAg; aniline sail, m.p. 111°; methyl derivative, C9H8N(32-CH3, 
m.p. 78°. When treated witii benzoyl eliloride and alkali plienylisoxazolone 
yields 2 isomeric alkali-insoluble benzoyl esters, m.p. 161° and 115° {BahcyhoT. 
30, 1614). 4-BenzyUdene-3-phenyl-5-isoxazolone, m.p. 191° (WaJil, Meyer, 
Chr, 146, 638). 3,4-Dimethyl-5-isoxazolone, m.p. 124°; 3-methyl-4-ethyl-5- 

isoxazolone, m.p. 50° {Ukleuhuthy Ann. 296, 56); 3-methyl-4-benzyl-5-isoxazo¬ 
lone, m.p. 106° (Schiffy \ iriafiLy 30y 1161). 3-PhenyI-5-iminoisoxazolone, 

6 — N—CTicifiH 5 )—(.'H 2 --C:NI], ni.p. 111°, is pn'paied from benzoylaceto- 
nitrile, C6H6-CO‘CH2 C'N, or benzoaeetodinitrile and liydroxylamine (Hoihen- 
hurg, Ber. 27, 1095; Burton, J.pr. 47, 124). 

3 -Phenyl-5-benzoyl-4-isoxazolone, (^-NrCfCeH^) • CCB?TI • COCeHf,, rn.p. 
175°, is obtained from benzoylIbrrnoi 11 (p. 119) and hydroxylamiiie {Abenius, 
Sdderhamriy Ber. 25, 3-168; c/' SchoUy Ber. 30, 1290). 

Metafulminuric acid, 4,5-diisonitrosoisoxazolme, 

6 • N: CH • C(^ NOH ) • (' : N OTT, detonating at 106°, is a derivative of 4,5-isoxazo- 
linedione. It is formed by the spontaneous polymerization of fulminic acid. 
When warmed with water, or moiv i-apidly when treat(‘d with alkali, it n'arranges 
to o!,/3-diisonitrosohydraerylonilri}(', CK -CCiNOH) •CKtNOH)OH (Wieland, 
Hesa, Ber. 42, 1346). 3-Amino-4-isonitroso-5-isoxazolone, 

t)-N:C(NH.) • (;(:NOH) -('(>, 
m.p. 160° (dee.) {Wieland, (hriHitt, Aim. 367, 83). 

5 -Isoxazolone -4 -carboxylic acid ester, (BN:(Ti• CJI(OO^CJi^/O, is obtained 
from ethoxymethylen(*malonic acid (‘ster or propylene-a,«, 7 , 7 -t(t,racarboxylic 
acid (\stor with liydroxylamine; wlam its silver salt is heated with methyl iodide, 

an N-rnethyl derivative, (*BN(CHa) •('ll :C((X) 2 (yT 5 )(Ix_), is fornuid (Claiaen, 
Ann. 297, 81; Ber. 30, 1480). 

The following structures are possible for bicyclic ring systems containing a ben¬ 
zene and an isoxazole ring sharing two adjacent carbon atoms: 


4 3 



1,2-Benzi8oxazole, Anthranil or j 8 , 7 -BenziBOxazole 

Indoxazeiie 


Of these, anthranil has already been treated in \5>lumo TIT, p. 278; benzisoxa- 
zolone, CeliK 2^, the anhydride of o-hvdroxvlaminobfmzoic acid, is de- 
scribed in connection with the acid. 
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4. BENZISOXAZOLES 

Benzislixazoles or iridoxazeiies are prepared: (1) From the oximes of o- 
halogcno- or o-nitrobenzophenone with alkali, and from o-aminobenzophenone 
with nitrous acid (Vol. Ill, p. 518; Cathcarl, Mrycr, Ber. 25, 1498; Mcyenbyrg, 
Ber. 26, 1057) (cf. method Sa for the preparation of 1-alkylindazoles, p. 115); 
this reaction di^piaids on the spacial configuration of the oximes {Mcisejikeimer, 
Zimmcnnauny i>. Kmnnier, Ann. 446, 205): 


CeHs 



C(CJl6)-=NOrT 

N 02 


+ KOIl = Cell 



N 


IsOjK -f* HtO 


A similar syutlu'sis of beuzisoxazoU's eoiisisis in hiaOing tlu' monoacetyl deriva¬ 
tives of th(' oxiriK's of o-hydroxyaryl aldehydes or ki^toiH's in a vacuum {JAnde- 
mavUy Th 'uii y Arm. 449, 03). 

{2) a-Triazo-o-cri'sols are convi^rtod t,o benzisoxazoles b}' warming in solution. 
This reaction ap])arentlv tak(‘s the following course (LiHAcniann, Miifilhaus, Ann. 
446,1): 


which -CH 

rearranges || + Nj 

to 

O 

Properties Beuzisoxazoles having free 3-positions rearrange in the presence 
of alkali to salicylic acid nitrihis, a react ion similar to that given by the monocyclic 
isoxazoU^s (p. 119). For the influence of substituents in the 3-position on the 
fission of the ring, s('e fAndemann, (Hss^ey Ann. 469, 44 ; for tla^ influence of sub¬ 
stituents in the benziaie ring, see Lnidentann, Romanoffy J.pr. 122, 230. 

1,2-Benzisoxazole, indox-azeney b.p. 84° (11 rnrn.), d 1.170 (Lindemanny 
TkieU'y Ann. 449, 03; v. Anwersy Ber. 57, 401), from the oxime obtained from 
salicylaldehyde and N-hydroxyurea or Bom the monoacetate of salicylaldoxime 
by heating in a vacuum. In aqueous sodium hydroxide it rearranges to salicylic 
acid nitrile. 3-Methyl-1,2-benzisoxazole, b.p. 92.5° (11 mm.); 3,5-dimethyl- 
1,2-benzisoxazole, b.p. 110° (13 mm.) {Lindemanny Cis.s^c, Ann. 449, 03). ^ 
Phenylbenzisoxazole, (^sHijNO, m.]). 84°, b.p. 331-336°, is converted to a 
dinitro derivative by fuming nitric acid. When reduced with sodium and alcohol 

.cn{c,u,)mh 

it opens tu a-j)henvl-o-hydro.\ybenzylamine, C 6 H 4 <^ ; with HI 

X)H 

and phosphorus it givi's e-hydro.xybenzoph(‘none {Cokfiy Mo. 16, 207; 17, 1020). 
For othiu' IxMizisoxazole derivatives, see Lindemanny Konitzery Romanoffy Ann. 
456, 290. 

3-Amino-O-nitrobenzisoxazole, m.j>. 234°, from the 3-carboxylic acid azide 
{JAndemanny Ciss^Cy Ann. 469, 55), can l>e convertt'd to 3-hydroxy-6 -nitrobenz- 
isoxazole, m.p. 88°, by diazotization. 

NaphthI l,2-r/)isoxazole, m.p. 83° {JAndemann y Kdniizery Romanoff y Ann. 456, 
293). 0-Anthr[9,l]isoxazol-6-one, 0 'C 6 H 3 -C^==N, and anthraf9,l-cd,10,5- 

rjEC:=N 

c'jd'ldiisoxazole, I I | (Frcnnd, Ac/zcrdiac/i, Ber. 43, 3251). For dyes 
CO—CfiIl 3-0 

from di(>xoanlhraisf>xazol(‘s, s(‘e Ger. Pat. 343252, 1915, Frdl. XIII, 404; Ger. 
Pat. 3f)0422, 1018, Frdl. XIV, 800. 

4,5,6,7-TetrahydrobenZisoxazoIes an* obtaiiied from hj^droxymethylenecyclo- 
hexauones and hydroxylaniine (v. Auwersy Bahr, FrcNc, Ann. 441, 54). 


-C]llN3l2 

-OH 


1 ^ WTIN 3 

U=o 
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5. ISOTHIAZOLES 


Isothiazole (I) is the; sulfur aualoj^ue of isoxazolo. No mornbe'r of this group is 
known. A n(;cessary condition for the devejlopinent of this field is the preparation 


(I) 


lie—on 


ire N 

'" 'S ^ 


of the unknown tliiohydroxylaniiiu', ITS-NMi!- 


6. BENZISOTHIAZOLES 


As in the (;()iTes])onding ring s 3 ^st(;Ins containing oxygen (p. 122) tluTO are tw'o 
p()ssiV)l(‘ is(jmeii(: b(;nzisotliia/oles: 



1,2-Benzisothiazole 2,l~Benzisothiazole or Thioanthranil 
Both parent com])ounds and dt'rivatives of thc'ni an; known. 


1,2-Benzisothiazoles 


Derivat i v(‘s of this ring system are oht aiiu'd : (1) By the action of ammonia 

on aryl sulfur halides which cont.ain a (Xl-group in an o-))osition to the S-atom 
{Fries, Jfi'oilmhu, B(‘r. 56, K)30): 


0,N, 



OM 



When these same aryl sulfur lialides are treated with primary amines, com¬ 
pounds having a salt-likc; character are formed which are apparently benziso- 
thiazolium derivatives: 


-CH 

II /CH; 


Br 


(^) By oxidation of thianaphthenequinones with H 2 O 2 in the prestmee of am¬ 
monia {FtolU, B<t. 58, 2095): 



CO +2NH. A -C-CO-NH; 


-HaO 




* +H202 


NH 

SII 


V 


-C—CONHa 

il 


+ 2H*0 
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1 ,2-Benzisothiazole, rn.j). 37®, b.p. 220° (StolU, Bor. 58, 2006). 3-Araino-l,2- 
benzisothiazole, in.p, J15°, from tin* ciirlxAylic acid azido by flio Cnrlius method 
{SlolU, Bor. 58, 2098). 5-Nitro-] ,2-benzisothiazole, rn.}). 153° {Fries, Ann. 454, 
279). 3-Phenyl-5-nitro-l ,2-benzisothiazoIe, m.p. 124° (Fries, Ann. 454, 290). 
3“Phenyl-5-amino-1,2-benzisothiazole, in.f). 131 Benzisothiazole-3-carboxylic 
acid (FtolU, Bor. 58, 2098). Njiphihisot.liiazolcs are also obtained by method 2 
(SiolU, Badstiilmer, J.pr. 121, 266). 

3(2)-Benzisothiazolone (I) is a derivatives of 2,3-dihydr()-l ,2-b(Mizisothiazole. 
It and its derivatives ares pre'pare^d fremi compounels of types II by reaction with 


4 



0 —COCl 
-SCI 


(II) 


ammonia (McCMlattd, Gait, J. 1926, 921; Reissert, Manns, Bor. 61, 1308). 

/CO\ 

Oxidation with 11202 converts thesm to saccharine's, C-ellK >NR. 

^so./ 

3(2)-Benzisothiazolone, m.p. 155°; 2-methyI-3-benzisothiazolone, m.p. 51°; 
2-phenyl-3-benzisothiazolone, m.p. 140°. 

/CH\ 

2,1-Benzisothiazole, OflhBc' I \S, b.p. 242° (448 mm.), is 

\N-/ 


forme'd by reduction of tlie) o-nitrobenzyl easier of thiocarbamic acid or of n-nitro- 
benzyltliiol; when heait-ed wit h phenylhyelrazine' or hydrazine' liyeirate) it ^ives tlio 
phenylhydrazone e>r ttio azine-. of o-arninobemzaldebyeie {(tabrid, Leapold, Her. 31, 
2185). 


7. IMIDAZOLES 

This group of corn pounds and the following groups of oxazoles 
and thiazoles can be considered as cyclic amidines, imino ethers, 
and thioimino ethers of carboxylic acids; these relationships are 
apparent in their syntheses. 

IMIDAZOLE, glyoxaline, 1,3-diazole: 

[4J HC—N [3] 

11 II 

[ 6 ] no CH 12] 

xy 

NH 

11 ] 

is isomeric with pyrazole. Like the pyrimidines, the imidazoles are 
cyclic amidines. Allantoin (Vol. I, p. 627), an imidazole derivative, 
has been known since 1799, when it was discovered in the allantoic 
fluid of cows. Another physiologically important derivative of 
imidazole is histidine, a fission product of proteins. 

History .—Imidazole was discovered by Debus in 1856 as a product of the reaction 
of glyoxal and ammonia, a reaction which was clarified by Radziszewski in 1882 
and generalized for other ketones. The peculiar bases prepared by Wallach in 
1876 from dialkyloximide clilorides, which lie called oxalines, were later found to 
be imidazoles. In 1882 Japp postulated, on the basis of the relation between 
lophines and imidazoles, t he structural formula for imidazole which is now generally 
accepted; it has been verified by the more recent syntheses of Wohl and March- 
wald and of Bamberger, The name imidazole, which was given to the ring system 
by Hantzsch (Ann. 249, 2), is now used almost exclusively. 
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Sy ntheses of Imidazole and Its Derivatives 


C N 

/. Of the type: | C 

C N 



This typ(; includes the c.ondensfitjon of glyoxal and other o-dioxo compounds 
with NHs and aldehydes (Hadziiiznvskt, Jter. 15, 2706): 

RCO RC-N. 

J + 2 NH 3 + IIOCR" = [I V-R^ + 3 H 2 O 

R'CO R'C-NH^ 


Ammonia and glyoxal alone form imidazole, d>ie to the partial decomposition of 
glyoxal into formald(‘hyde and formic acid. 

Other examples are the ])rtiparations of imidazoles from 1,2-diketones and 
amines of the formula RCdl 2 -NH 2 ; henzil and benzylamine give tri/phmylA- 
henzylimidazole, and benzil and ethylarnine give dipkcriyl~2-mcthyl-]-clhyli7nida- 
zole {Japp, Davidson, J. 1895, 1 , 32). 

' r IVT C- - —N 

II. Of the type: I \c -> | \c 

C N/ C —N/ 


rnudazol(\s are prepared from carboxylic acid amidiiu's with a-halogeno k(‘ton(iS 
or a-oxo alcohols {KnuckcU, Her. 34, 637); see the syntheses of oxazolos and 
fhiazoles (pp. 130 and 140): 


CelL-CO IIN. 

I + >C-CdR 
CILBr 


CVRC 


-N; 

!h—N il' 




III. 


Of the type: 


C N« 

J, ' ^ 

C-N 



This synthesis introduced by Wofd. and Marckmald consists in the reaction of 
arnino aldehydes or amino k('tones or th(ur acetals with potassium thiocyanate to 
form substituted thioureas, which are cond(’ns(*d by hydrochloric or sulfuric acid 
to 2-imidazolethiols, which lose sulfur on oxidation {Woid, Marckivald, Ber. 22 , 
1353; Marckwald, Ber. 25, 2354; Cahriel, Pinkvs, Ber. 26, 2204; Basse, Klinger, 
Ber. 31, 1220 ): 


CII 3 CO 




-NH 2 


+ 


N 




CSII 


CHsC 


CII 3 CO UN: 


I 


O-SH 


i: 


-N; 
H—NH 


%C-SH 


CII 3 C 


-N. 


II Sen 

CH—NH/ 


Q_ Q _ 

IV. Of the type; ^ ^ 


By an unusual reaction the alkylimide cldorides of oxalic acid give chlorine 
substitution products of imidazoles, which can bo reduced to imidazoles {Wallach, 
Ann.214, 278): 


CC1=NCH8 

(I:C1=NCH, 

Diinetliyloxaliniide 

chloride 


-HCl 



l-Methyl-5- 

chloroimidazole 
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Q _iq- 

V. Of the typo: \c 

r -N/ 



Hy(lr()berizanhd(^ f V\)l. HI, p. 272) and similar aromatic amira^H rearraTiire when 
h(‘at(^d to triaryldiliydroimidazolea, which readily lose 211 to form triarylimida- 
zoles: 


CelTa • Cn--Nv Cfll I5 • CTI -NIIv * C -NIK 

>CHC«llr, — I >CC6H5— II >C-aH5 

Ctlh • Ctllf, • CH- W CeHs • C- 

Hydrobenzamide Amarine Lophine 


C-Ov 

VI. Of the type: | >C 

C- 


C-N. 

I >C 

c —w 


Several imidazoles hav(‘ been ol)lained from the corresjiondin^ oxazoles (p. 137) 
by heating with ammonia (Minonicl^ Ber. 29, 2098). 

VII. A theoretically imporiant method is the synthesis of iinidazoh^dicar- 
boxylic acids from benzimidazole (p. 133) by oxidation with permanganate 
{Bamberger, BerU, Ann. 273, 339): 

CII-=0}I—C-Nk IIOOC • O-N. 

j jl y;ii -> Jl >CII 

CH=CH—C-NH/ llOOC-C—NH/ 


PropertieH. —The* imidazoles are more basic than the isomijric pyrazoh's (Derii- 
chen, B(‘r. 39, 1831). The imine hydrogim can b(' n'placiul by metals, especially 
silv<'.r, and by alkyl groups by means of alkyl iodid(‘s, dimethyl sulfate, or diazo- 
methano {Forsyth, Pyrnan, J. 127, (1925) 573). Tiu^ tertiary bas<‘s add alkyl 
halidi's (‘iiergi^tically; the non-alkylated N-aUim must take part in this reaction, 
sinct' the addition products decomposci when boiled with aqueous i)otassium hy¬ 
droxide into two primary amines, for example: 


riI-N(Cll3)-X 

II )>Cll 

CIi-N(C5lIu)Br^ 


mhClh 

NHaCfiHii 


(Pirnter, Schmarz, Ber. 35, 2457). Whim heati'd, 1-alkylimidazoIes nvirrange, 
the alkyl group wandiaing to the 2-C atom. Ac>d groups ar(‘ introduciai with 
difficulty and are readily split off. Benzoyl chloride in sodium hydroxide solution 
or ])yridin(* attacks imidazoU' a,n<l the simpler imidazole derivatives with free 
irnine groups {Flicker, Ber. 34, 932; f^ioner, Srhimrz, Ber. 35, 2448; Windaiis, 
Ddrrie.s, Jcfisru, Ber. 54, 2745) ('ven at O'*, forming a carboxylic acid and a diben- 
zoyldiamine. Isovalcryl chloridi; acts similarly. 


(TI-N. 

II %Cn + 2CflHr.'COCl + 2NaOH - 

CII-NH/ 

Imidazole 

CH—NlICOCeHs 

II + 2NaCl + nC02lI 

CTI NTTCOCJU 

«-Di-(benzoylarnino)- 

' ethylene 


Conversely, the di-(acylamino)ethylenes are converted to imidazoles when heated 
with acid anhydrides (Windaus, Longenbeck, Ber. 55, 3700). 

The imidazok'S are very stable tow'ard reducing agents and toward oxidizing 
agents. They are attacked slightly by chromic acid, more energetically by potas¬ 
sium permanganate {Pinner, Schwarz, Ber. 35, 2448); hydrogen peroxide forms 
oxammes. Imidazoles with free imine groups couple with aromatic diazo com¬ 
pounds; the (iruduets are not diazoamino derivatives, as might be assumed, but 
C-azo derivatives which have the azo group in the 2- or the 4(5)-position (i^ar- 
gher, Pyman, J. 115, 217). The purines (VoL I, p, 038), which contain a con- 






IMIDAZOLE 


127 


CTT:N-C~NIk 

deiiist'd imidazole riop;, I i| ^OIT, lieliave similarly. 

The position of the s^nhsl itiK'nts in imidazole*, which is now indicated by num¬ 
bers (I) was fMrua rly shown ))y symbols (11). 


(I) 


15J lie 


- --.N. 

\ 

-NH'^ 
II] 


(a) IKL—N. 

r^ii i2j il >CH (m) (II) 

(3) HO -NIK 

(N) 


The hydro^!:eii atoms in (he A - and o-positioiis are oquivahmt, which is expressed 

uc - 

in this mann(‘r of formulating alk\limidazoles; [| H >CH (cf. 4-rnethyl-5- 

CM N/ 

phenvlin'idazole, see below). 

IMIDAZOLE, glyoxaline, CsITiN^, rn.p. 90°, h.p. 20*0", is formed top;(‘ther with 
(TT-NIL .Ml (’ll 

gl\jco}<i(ie ( 2 , 2 '-biimidazole, 11 ^C-CVs || , lA'hmdvdty Ann. 456, 

(Mf—N'' -rii 

2r).9) from p^lvoxal and ammonia, advantageously with tla* addition of formalde¬ 
hyde {Bvhrc.nd, Schmitz, Ann. 277, 331)); it is also pr(‘pnr('(l from 2 -imidazoleihiol 
and from its dicarboxylic acid (see abova^). It is solubh* in alcohol, ether, and 
water; the solutions wh(‘n treated with alkali phosphoresce in tlu* air (cf. lophinc). 
It, forms salts with all acids except carbonic acid. Silver nitrate pr(‘cipita 1 es the 
silver salt of imidazole, C 3 H 3 N 2 A^<; methyl iodide forms 1 -methylimidazole, m.p. 
— b.p. 199*^, d l.()3()3, which is also obtained from dirnethyloxalimide chloride 
by method IV (p. 125). The alkaloid pilocarpine is a deriva-tivi* of 1 -methylimi- 
dazole. 1 -PhenylimidazoIe, m.p. 13°, b.p. 270°, is formed from its nu'rcaptan 
according to method [IT (p. 125). 

2-Methylimidazole, m.j). 137°, b.p. 267°, is prepared by rearrantjernenl of 1- 
metliylimidazole (s(‘e above) or from p;lyoxal, acetaldeliyde and NTIs; with ethyl 
iodide it forms 1-ethyl-2-methvlimidazole, b.]). 213°, which is also obtainc'd from 
dietliyloxalimich* chloridf* and which p >s.s(*.s.s(‘s a physiological action similar to 
afropiac.^ 2-Ethylimidazole, rn.p. S(i°, b.p. 26<S°. 

4(5)-Methylimidazole, rn.p. 5(t°, i).}) 2()3°, Iron its m(‘rcaptan liy nadhod 
III (p. 125) {Gabriel, IHnhus, Hi'r. 26, 2204), and fr'un yrajM* su?a,r and olbor 
hexos(‘s and peritos(‘s by tnaitrru'nt with zinc hydroxide-ammonia {Windaas, 
Kaoop, Ber, 38, 1160; Wiadaus, Bi'r. 40, 799; Vol. I, p. 696). Methylation of 
methylimidazole witli dimethyl sulfate* and alkali produ(*(*s V)oth 1,4- and 1,5- 
dimethylimidazole, b.j). 199° and 224°: 


CIl3(4~Nv 

II H>CH 
HC—N^ 


CH 3 C-N 

II 

IICNfCHa) 



and 




TIC 


-N' 


cn 


In this reaction the rnethylimidazoh' behaves as a inixtun* of 4- and 5-methyl* 
imidazole {I'lfmna, ,1. 97, 1814). 

2,4,5-Trimetliylimidazole, m.p. 183°, b.p. 271 °, fr*om biac(*tyl, NIT^, an<l alde¬ 
hyde. 4(5)-PhenvlimidazoIe, m.p. 129°, from phenylflyoxal, KHs, and for¬ 
maldehyde; with NHs alone phenylglyoxal gives a mixture* of products, includ¬ 
ing 2-benzoyl-4-phenylimidazole, m.p. 280° {Pinner, Ber. 38, J531). 4-Methyl- 
5-phenylimidazole, m.p. 185°, is obtained from methybiheiivlimidazohithiol 
prepared according to method Ilf (p. 125) by oxidation with IlNOs; the same 
rnethylphenylimidazole results wheth(*r a-aminopropioplicnoue (I) or the iso¬ 
meric a-acetylbenzylainine (II) is used as the starting mat(*ri;il: 


CJLCK) CelLC-Nv CH3("0 

(I) I -> II H>CII <- I (II) 

CH.CITNH, CH,C—N/ CJIsCII-NII, 


This also demonstrates the equivalence of the 4- and 5 -posit ions of imidazole 
(Gabriel, Ber. 41, 1926); cf. 2 , 5 -dimethylbenziraidazole (p. 133), 3-methyl- 
pyrazole (p. 93), and Vol. I. 2,4-Diphenylimidazole, rn.p. 193°, frorn benz- 
amidine and phenacyl bromide {Knuckell, Ber. 34, 639). 4,5-Diphenylimidazole, 
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m.p. 227°, from hoiizil, formalddiydc, and NHa, together with 2,4,5-tnphenyl- 
oxazoh* (p. 137), henzilamkie and imabenzil {Pitmer, Ber. 35, 4136; 38, 1536). 
2,5-Diphenylimidazole, m.p. 162°, is oi>tained from 2,5-dipheiiyloxazole (p. 137) 
witli alcoholic MII 3 at 300°, and by the (‘ondensation of a-araiiiophenylaceto- 
nitrile and benzaldehyde with HCl {rf. method 4 Hit) oxazoles, p. 136) {Mino- 
vici, Ber. 29, 2103):^ 


CflHfiCn—Nlli 

I + HOC—Cells 

ON 


Cells-C^NIR 




€• Celle 


Lophine, 2,4,5-triphenylimidazole, m.p. 275°, is prepared: (1) from benzil, 
benzald(‘hyde, and NTI3; (^) from hydrobeiizamide by heating {Pinner, Ber. 35, 
4140) or from arnarim^ by oxidation; (5) from 2,4,6-tri})}ienyl-,s‘-triaziiie or tri- 
pluMiyltricyanogen by redaction accompani(‘d by elimination of NH 3 ; and (4) 
from iK'nzarnidiTie and berjzoin {Kall.srh, Mo. 17, 300). Lophine (from X 6 y>os, 
taft of feath(‘rs, rehnring to its tuft,(‘d crystalline form) phosphoresces strongly 
when sliaken with alcoholic potassium hydroxide, decomposing into NH3 and 
benzoic acid. 

Halogen derivatives of imi<Iazol(‘s are formed by substitution. 2-Bromoimidaz- 
ole is obtained in good yiidd by (,he action of cyanogen bromide (Langenheck, J.pr. 
119, 77). 5-Chloroimidazoles ar(^ prepared from the dialkyloxalimide chlorides 
(p. 125). Tribromoimidazole, CaBrsNall, m.p. 214°, from imidazole and bro¬ 
mine; 2,4,5-triiodoimidazole, CrJaNJI, m.p. 192°, and 1,2,4,5-tetraiodoimid- 
azole, CsI^Na, tlec. 160°, fidin imidazole and iodine {Panlg, Ber. 43, 2243); 
5-chloro-l-methyIimidazole, (-;dr.;( 3 N 2 ('n.'{, b.p. 205°, and 5-chloro-l,2-dimeth- 
ylimidazole, C/ 3 HC'l(CH 3 )i \2 (d-l 3 , b.p. 218°, from dimethyl-and ethylrnethyl- 
oxalimide chloride. 

Nitro derivatives of tb(‘ imidazoles are obtained by th(‘ action of nitric acid- 
sulfuric acid <»r fuming nitric acid on imidazoles. The nit.ro group apparently 
enters in tlie 4(5) -position. Tlie nitroimidazo](‘S with a free imuie group dissolve 
in alkali to yellow solutir)ns. 4-Nitro-5-methylimidazole, m.j). 248°; 5-nitro- 
2,4-dimethylimidazole, m.p. 252°; 4-nitro-l,5-dimethylimidazole, m.p. 161° 
(Windau.8, Ber. 42, 761). 

Nitroimidazoles reduce* t.o aminoimidazoh'S. De'dvativexs with an amino 
group in a side-chain are* formed from carboxylic acid azides by the Curtius reac¬ 
tion or, synthetically, by method III (p. 125). 4(5)-Aminomethylimidazole 
dihydrochioride sinters at 236° {Wmdans, Opilz, Ber. 44, 1722). For histamine, 
4-imidazole6thylaminej se)e p. 129. 

Mercaptans are obtained by coiidensatie)n of dialkoxyothyl- or acetoiiylthiourea 
or similar substances (p. 125). 2-Imidazolethiol, m.p. 222° (dec.), reacts with 
methyl iodide te) give the* methyl ether, C 3 H 8 ( 8 C'H 3 )N 2 , m.p. 139° {Marck'wald, 
Ber. 25, 2359). 4,5-Diphenyl- 2 -imidazolethiol, 08 (C 6 H 5 ) 2 NH 2 ( 8 H), is prepared 

from benzoin and t}iie)un*H {AntichiitZf Ann. 284, 8 ; cf. Basne, Klinger, Ber. 31, 
1220). 4(5)-Aminomethyl- 2 -imidazolethiol, G 3 (CH 2 NH 2 )H 2 N 2 (SH), m.p. 188°, 
from acetonedinniine hydrochloride and potassium thiocyanate, is converted by 
treatment with dilute nitric acid into 4(5) -hydroxymethylimidazole, C 3 (CH 20 H) - 
H 8 N 2 , m.p. 94° {Pyman, J. 99, 668). 

4(5)-Sulfonic acids of imidazole result from direct sulfonation {Barnes, Pyman, 
J. 1927, 2711); 2-sulfonic acids are obtained by oxidation of the corresponding 2- 
imidazolethiols (see p. 125, method III) with hydrogen peroxide. 

4,5-Imidazoledicarboxylic acid, (a 8 H 2 (C 100 H) 2 N 2 , from dihydroxyt-artaric acid, 
NHa, and formaldehyde \ Maquenne., Ann.chiin.pbys. 24 (1891), 525], and by 
oxidation of benzimidazole {Bamberger, BerM, Ann. 273, 339), decomposes im- 
medititoly wlu'n heated into CO 2 and imidazole. The dicarboxylic acid is useful 
for the isolation of a number of bases whose acid salts are generally sparingly 
soluble in water {Pauly, Ludwig, Z.physiol.Chem. 121 , 165). For the synthesis 
of a series of 2 -alkylimidazoledicarboxylic acids, see EWner, Arkiv Kemi, Miner. 
Geol. 9 (1927), No. 41, 1 . 

/-HISTIDINE, a-am. fan-4 (5) -imidazolepropionic acid: 


HC 


-C • CHs • 6H(NH2)002H 

\nH—I lH 
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(Pauly, Z.phy.siol.Chem. 42, 508), flaky erysials, in.p. 285° (doc.), faj^D —89.74 
(AhderhaLden, Wed, Z.physiol.(,naan. 77, 438), Mas discoAcn'd by A. Kossd in 
1896 (Sitzber.kKl.preuss.Akad.Wiss., April 9) among th(‘ disintegration products 
of the protamine sturin; it is formed in the hydrolysis of many proteins, e8i)eeially 
hemoglobi}! ||)j(^paration from blood corpuscles, Jones, J.Hiol.Chem. 33 (1919), 
429; Hanke, Koessler, ihid., 43 (1921), 5211. The leva configuration of the asym¬ 
metric carbon atom was determined by degnulation to l-aspariic arid (Langeatbeckf 
Ber. 58, 227; Vol. I, p. 608). Monohydrochloride, plates (from water), m.p. 
255°. Afethyl ester dihydrochloride, rn.j). 196°. Histidine forms a molec¬ 
ular compound (1:1), m.p. 224-226°, with flanariir arid (naphthol yedlow S) 
which is sparingly soluble in dilute mineral acids (Kassel, Gross, Z.physiol.Chern. 
135, 168). Like other imidazoles, histidine couples in soluti ons made alkaline 
Math soda with diazobenzenesulfonic acid to form a red azo dye. Of th(‘ other de¬ 
composition products of proteins, only tyrosim^ gives this naaction (Pauly, 7 j, 
physiol.Chem. 42, 513). Another characteristic property is tlu' formation of a 
sjniringly soluble acid salt M'ith 4,5-imidazoledicarboxylic a(;id, m.p. 254° 
(Pauly, Ludwig, Z.p}iysiol.C3)(‘m. 121 , 168). Color rea(‘tion of histidine w’hen 
warmed Muth bromin(‘ [/v//,oop, Iteitr.clH^m.Phvsiol.Path. 11 (1908), 356; Hunter, 
Biochem.J. 16 (1923), 637]. 

Wb(‘n treated with HNO 2 histidine is convert(‘d to nf-hydroxyimidazolepropionic 
acid, /-imidazolelactic acid, C 3 H 3 N 2 CdL 2 CH(OH)CX)OH + II 2 O, m.p. 204° (dec..), 
M'liich can b(‘ brok('n down to imidazoleacetic acid, (^dlsNLCIli’COOH -f H 2 O, 
m.p. 220° (d('c.), imidazolecarboxylic acid, C'aHsNiCXXlH, m.p. 286° (dec.), 
and finally to imidazole itself [Knoop, Heitr.chem.Pliysiol.Path. 10 (1907), 
111]. When the «-hydroxyimidazol('propionic acid is naluc(Hl M'ith HI and P, it 
yields imidazolepropionic acid, C 3 H 3 NLCdL 2 CTl 2 COOH, m .p. 209 °. Histidine hy¬ 
drochloride can b(‘ transformed by the a(4.ion of bacteria to d-imidazolelactic 
acid, m.p. 196°, ao +33.7° [Hirai, Acta Sc.hol.Med.Univ.Imp.Kioto 2 (1918), 
447]; Bacillus coll under certain conditions giv(\s imidazolepropionic acid 
[ A'oc.s’.s‘/cr, Hanke, ,I.Biol.Chem. 39 (1920), 539). This aeid can b(* synthesized 
by condensation of glyoxylpropionic acid, CT10-CX)*CTl2*(^H2-C'00H (Vol. I, 
p. 601), \v4l.h ammonia and formald(‘hyde according to method 1 (p. 125) [Knoop, 
Windaus, Beit.r.ch(;nKPhysiol,Path. 7 (1905), 144) ; its azides can b(^ conv(‘rt(‘d by 
the Curtins reaction to4-imidazoleethylamme, histamine, C 3 H 3 N 2 • CH 2 • CH 2 NH 2 , 
m.p. 83-84°, pi crate m.p. 234° (dec.) (Windaiis, Vogt, Bor. 40, 3691). His¬ 
tamine is also obtained from Iiistidine bj' luMiting alont^ or, better, with concen¬ 
trated HC3 to 270° (F/wins, Pyman, ,1. 99, 339), or by bacterial disintegration 
(Ackermann, Z.physiol.Chem. 65, 504). Histjimine is found among the alkaloids 
of ergot, and is often used as a substitute for ergot pre|>arations in gynecology 
(Barger, Dale, ,1. 97, 2592). P'or other syntheses of histamine, see Pyman, J, 
99, f*»()8, and Koessler, Hanke, Am. 40, 1716. The violet, coloration which liisti- 
dine givess with small quantities of cobalt nitrate on addition of alkali is specific 
for this base and is used for its detection (Zimmermann, Z.physiol.Cfiiem. 186, 
260). 

Synthesis of histidine (Pyman, J. 99, 1386). 4(5)-Chloromethylirnidazole (I), 
from 4(5)-hydroxymethylimidazoI(‘ (p. 128) and PCL, m lam trcaited wuth sodium 
chloromalonic ester yields 4(5)-imidazolechloromalonic ester (II), which saponifies 
to 4(5)-imidazulechiorovmopionic acid (III); this reacts MuthNTL to give [d -V 1]" 
histidine, wliich can be resolved to its optically active components wuth tartaric 
acid: 



iHjCl CHj-CCl(CO,R)j CHrCHCl-COjH illrCHCNHj)-COsH 

For the quantitative determination of histidine by titration with standardized 
silver nitrate solution or diazobenzenesulfoiiic acid, see Lautenschldger, Z.physiol. 
Chem. 102, 226. 

For the preparation of histidine-peptides, see Bergmann, Zervas, Z.physiol. 
Chem. 175, 154. 



130 FIVE-MEMBERED RINGS WITH TWO HETERO ATOMS 


Herzynine is thi* trimolliylhelaine of liistidiiio: 

CX> CII • CII 2 • C- N 

i I II CH 

o -n(cHj )3 nc- Nil 

It is fouiul in (ixtraofs of various fuiiL'i f r, Ziaitr.I^liysiol. 24 (1911), 775]. 

Carnosine, a dciriva.ivo of liisiidiiK' in wliic.h i\w NlIa-KJ'oup is substituted by 
a /^J-arninopropionie aeid residue, -('() (’Il 2 -CH 2 -NH 2 , is obtaiiasl by extraetion 
of muscular substance (Furth, Hrytilschal:, Biochem.Z, 64 (191()), 172). 

HYDROIMIDAZOLES. Imidazol(\s cannot be naluciai to liydro dt‘rivatives. 
I^iliydroirnidazohiS or imidazolines arc' obtaincid: (/) From acyl derivatives of 
ethylcMKKliaminc* and its liornologucvs: 

Clf. - Nil • CTI. —N\ 

I -> I V:-C6ll5(+ CtlECOOll). 

CUE ■ NII-CO(ME (:il,-NH/ 

(^) The products of the' rcNiction of N-allylacelamide and N-allylbenz- 
amide with tlu' livdi ocliloridc'S of aromatic; ba.s(;s are apparent ly dihydroimida/oles 
{Clayton, Ber. 28, 1()()5): 

yNIl—CIB /N- CII2 

(I + NlIA^slU -»• CJEC-/ ] 

X) CTI; C1 12 \n (CJIt) -CH • CII, 

N-AIlj'lbonzamide 1,2-Dii>h(inyl-5-nitithylimid- 

azotine 


CIU -N\ 

2-Methylimidazoline, li/snhnc, | vCbCTTa, m.p. 105°, b.p. 195- 

(.TI 2 -NH/ 


19<S°, is preparc'd l)y heHtinj? ethylcMic'diamine hydrocliloride with sodium ace¬ 
tate; it forms a veay soluble' uricacuF'<'Ut (Ladenhurg, Ber. 27,2952). The homol- 
ot^ous imidazolincss, such as 2-ethyl-, 2,4(or 2,5)-dimethyl-, and 4(5)-methyl- 
2-ethylimidazoline, behave similarly {Klingenstem, Ber. 28, 1173; Baxunatm, 
Ber. 28, 1176). Benzoyl chloride and alkali split methylimidazoline to acetyldi- 
benzoylethyUuiediaminc' {Ladenhurg, Ber. 28, 3068). 

2-PhenyiimidazoIine, clhj/lenehe-nzam/idvne, CsH 6 (C 6 H 6 )N 2 , m.p. 101 °, is formed 
from ethyleiu^diamine and tiuobenzamide (Fer.s\sc/, Ber. 25, 2135). 

2,4,5-Triphenylimidazoline, amarine, C 2 iH, 8 N 2 , m.p. 133° (anhydrous), is 
formed by rearraii|);ement of hydrobenzamide. With alkyl halidc^s it gives dialky 1- 
triphenyiimidazolium halides, which are split by alkali to diidieiiylethylene- 
diamine derivatives, whose hydrochloridcxs are condenscal by hc'at to the same 
imidazolium comfiounds: 


CeHfiCH-Nv 

I Scc,u, 
CJIftCn—NIK 


RHal C«n 5 Cn*-N(R) (Ilal). 

-> I %CC,U, 

CoHaCH-N(R)/ 

C.H6CH—NHR 

N(R)COCeH5 


The reaction of benzoyl chlorides with amarine takc'S a similar course. When 
amarine is heatc^d with sodium cdhylate at 150-160°, or amarine hydrochloride is 
heated at 340°, an isomeric isoamarine, m.p. 198°, is obtained; the same com¬ 
pound is synthesized from me-dibenzoyidiphenylethylenediamine (Vol. III). 
It stands in the same relation to amariiu' as rac-tartaric acid does to mc«o-tartaric 
acid, and can, be resolved into optically active components [Japp, Moir, Proc. 
Chem.Soc., 15 (1900), 227; J. 77, 608). When oxidized, amarine is converted 
to lophine (p. 128). Trifurylimidazoline,/wr/wrfn (p. 19) has an analogous com¬ 
position. 

Biimidazoline, (CjH^Nj)*, m.p. 290-300°, is the condensation product of thio- 
oxalic acid diamide and ethylenediamine {Forssell, Ber. 24, 1846): 
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NH, • CS—CS • NHj + 2NIL • OIL • GHj • NH, -» 

Nil— CHr-CHj— N=S—(E=N— OIL—CH,—NH 

TETRAHYDROIMIDAZOLES, such as triphenyltetrahydroimidazole, m.j). 
137°, are prepared from N,N'-diphenylethyl(‘nediamine and aldehydes {Moo», 
hiir. 20, 732): 


CHa—NHCeHfc 
CII 2 —NHCfiHfi 


C]l2~N(CJl5)\ 

+ CITO • CcHfi -= I >C1I (C JI 5 ) 


The group comprising the 0 x 0 -, thio-, and iminohydroimidazoles includes a 
s(Ties of cyclic urea, thiourea and guanidine derivatives, most of which have been 
described with the ali|)batic conijiminds. 

1 . OXOIMIDAZOLINES, imidazolones, or ununs are formed from a-ureido* 

Cn - NHv 

kei.o compounds by inner condensalion : 2 -Imidazolone, || /CO, m.p. 

CH~NH/ 

H(^(OR) 2 n 2 Nv 

105°, from /3-dialkoxyethylurea, I /CO (r/. Vol. I); various imid- 

Clh -—NIK 

azolones have been prepared from benzoin and benzil with ureas {cf. Marckwalrl, 
Her. 25, 2357; Gahriel, Posner, Bit. 27, 1038, 1144; Fischer, Hunsalz, Bor. 27, 
2203; Magnanini, Gazz. 19, 573; BiUz, Ann. 368, 150). 4 , 5 -Diphenyl-2 

imidazolone, m.p. 324° (Biltz, Ann. 339, 240). 4-Imidazolones, such as 2- 
methyl-4-imidazolone, m.p, 141°, are obtained by coTidensalion of iminoethers 
with a-amino fatty acid esters (Fmger, J.pr. 76, 93; Finger, Zch, ibid., 82, 50): 


.NH ROCO .N-CO 

CH,C<f + I -»• CILCf J 

\OIl ILN-CIL \NH—CII, 


Glyoxaline red, 2 , 2 '-(liphcnyl-4.,4'-hi-^-hnidazolone: 

CeTT5C=Nv .N=(^Cell5 

I >C:C<x I 

Nil CO/ ^CO-NIT 


ruby crystals, from acetylenedicarboxylic acid est(*r and 2 mols of benzamidine 
[ Ruhemartn, htnpleion, Proc. C4iem, 80 c. 16 (1900), 121]. 

2. 0X0- and THIOTETRAHYDROIMIDAZOLES include the cyclic alkyl- 
eyienreas and thioiireds (Vol. I) 

3. DIOXO- and IMINOOXOTETRAHYDROIMIDAZOLES include the 
hydnntoins and glyrocyamidines, such as hydantoin and creatinine (Vol. I, pp. 49, 
514). Olh(‘r members of this group ar(‘ vinylideneoxanilide, 

CO—N(CVHfi)v 

I /CiCLR, m.p. 209°, and its homologues, which result from con- 

CO—N(C«n,)/ 

densation of oxanilide with acetic anliydruh; and sodium acetates or homologous 
acids (/'. Pechmann, Ansel, Bit. 33, 013). 

4. TRIOXO- and IMINODIOXOTETRAHYDROIMIDAZOLES include 
oxalylurea or parahanic acid (Vol. I, p. 029) and oxalylguanidine {Trnube, Ber. 
26, 2552). 


8. BENZIMIDAZOLES 


The benzimidazoles, sometimes called cyclic amidines, contain an 
imidazole ring condensed with a benzene ring: 


[ 6 ] 

( 6 j 




- 0 - 


rs) 

-N. 


II \CH 12) 

H=C^n—C—NIK 

[21 [11 





132 FIVE-MEMBERED RINGS WITH TWO HETERO ATOMS 


Their relationship to imidazole is made evident by the formation 
of imidazoledicarboxylic acid as an oxidation product of benzimid¬ 
azole (p. 133). 

Syntheses. {1) By condensation of o-phenylenediamines with car¬ 
boxylic acids or their anhydrides, chlorides, or amides, with elimina¬ 
tion of water (Ladenhurg^ Ber. 8, 677; 11, 820); acyl compounds are 
formed as intermediate products: 

/NIB /NIICOCITs /NIIv 

Cell/ -f CHsCOOH -> CeTIK -> Cell/ >C-CH, 

^Nlla ^NIB \ N ^ 

o-Phenyk‘iiodiamino Aoetyl-o-pbenylene- 2«Methylbenz- 

diamine imidazole 


Diacyl-o-phciiyUjiiediamiiK's also juiivo bonziiindazolos {Binlrzyckiy UlJferSy Ber. 
23, 1876; 25, 1992). The anliydrides of dibasic acids naict as moiiobiisic acids; 
for example, o-phenylenediamiiie and succinic anhydrid(^ give 2-benzimidazole- 
propionic acid (Fuc/ier, B(‘r. 27, 2772), and o-phenyleruaiiamine and phthalic 
anhydride give 2-pheniflhenzmndazole-o-carhoxijUc acid {Thieley Falk, Ann. 347, 
116). 0 -Naphlhaleru‘diamines and other aromatic 1,2-diamines react in the 
same way as o-})henylenediarnine. 

(12) By reduction of ac 3 dat(id o-nitroaniliiies, acylated o-phenylonediarninos 
being formed first (Hobrcckcr, Ber. 5, 920): 


C6H4<( 


NH COCH 3 

NO 2 



NHCOCH 

NIB 


3 



(S) N-Alkylat('d benzimidazoles are ohlaincd by the act ion of aklehyd(;s on 0 - 
diamines (tlu' aldcht/ditif^ of Ladcfthargy Ber. 11 , 590). Th(^ dialk^didene-o- 
diamiiujs, wliich are probabh^ the first products of the reaction, naarrange immedi¬ 
ately to N-alkylbenzimidazok\s (Hin^hcrgy Ber. 20, 1585); tluj non-alkylat(‘d 
benzimidazole is forrni'd as a side-product from tlu? inonoalkylidene compound: 


/NrCHCIB /N\ 

C,H4< -> CsHZ >C-CH,; 

^NiCIICIT, \n/ 


c, 




N:CIICn, 

NHj 


cyiZ >ccH, 
\nh/ 


Monoalky]- 0 -diamines give l)enzimidazol(‘R (Fischery Ber. 25, 2826). For the 
reaction of formaldehyde with o-plKniykaiediainine, see Fischery Ik'r. 32, 245. 

By a siniilar cours<^ of nuiction N-arylaminobenzimidazok's (III) are formed 
from o-aminoazo compounds (I) and aldehydt^s; th(‘ SchifT biist's (II) first formed 
isomorize in boiling glacial acid to benzimidazoles (Fischery J.pr. 104, 102; 107, 


NIB 



0:CH R' 



NrCIMt' 


N;N-R 


Glacial acetic 



(III) 


(4) 2-Phenylbenzimidazokj is prepared by warming s-benzylidene-o- 
aminophenylhydrazine wdtii dilute mineral acids (FramcUy Bor. 40, 909): 
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- Nils / N s 

C.H/ X’ll 0.115 -^ C.h/ >0-C.H. 

\NH-N^/ \nh/ 

properties .—The b(‘ii/iTrii(l{i/i>l(‘s closoly rivsi'nibh* t,lu‘ inndazoh'S in behavior 
(p. 126), altliuUKh tli(‘ aoidily oT llu' iinino ^rmip, outvvi'if^hs tlio basicity, the 
benzimidazoles beinji; soluble' in a<]U(‘ons alkali. Alkyl radicals are^ ri'adily intro¬ 
duced into the irnino ;j;roup, acyl radicals senru'what lc‘ss readily. The N-alkyl- 
benzimidazoles add alkyl iodide's, and the addition prodiu'ts aie ri'arrangcid by 
alkali to 1,3-dialkyl-2-hydroxylienzirnidazoliiuis; the latter art.' couvt'rted by boil¬ 
ing aqueous sodium hydroxide to dialkyl-o-phenylenediarnines and formic acid, 
from which compont'nts tht'V c.'in be regent^ratt'd by warming: 


.N(CH 3 )s. 

CJlZ >CH 

\N(CH3)F 


>c 


n 


N(Cll3)/ ^OH 

NHCHa 


CcH, 




+ HCOOH 


This fission is facilitated by nitro groups in tht^ bt'nztna^ ring, and hindered by 
alkyl substituents in the benzene or imidazolt' rings (Fischer, J.pr. 73, 419). 
Just as in the case of the imidazoles, benzoyl chloridt' ami sodium hydroxide, even 
at 0°, attack the imidazole ring of the simpler benzimidazoles, producing diben- 
zoyl-o-diarnines (cf. Heller, Ber. 37, 31 16). The benzimidazrdt's are fairly resist¬ 
ant to reducing and oxidizing agt'uts. Some amino derivatives give substantive 
azo dyt'S [Lelhnaini, Haller, Ber. 26, 27()(); Pinnoiv, Wiskott, Ber. 32, 898; Kym, 
Ber. 37, 1070; Mnitelet, Ann.chim.phys. f7] 14 (1808), 391, 433], in which they 
rostjmblt^ th(? corresponding bt'iizoxazoles ({). 138) ami benzothiazoles (p. 143). 

/ N . _ 

BENZIMIDAZOLE, o-p/<c//;///cnc/o/7/m///,/t/7;m’, CelBv m.p. 107°, is 

prepared from formic acid and o-})henyl(‘n(Kliamine and by the action of chloro¬ 
form and potassium hydroxidt^ on o-phtmylem'diamine (Orassi-Crislaldi, Lom¬ 
bardi, Oazz. 25, 1 , 224); it is partially oxidizc'd by potassium permanganate to 
imidazoledicarboxylic acid. 1 -Methylbenzimidazole, m.p. 61 °, is best prepared 
from N-methyl-o-phenylem;diamine; imdhyl iodide, C 6 H 4 [N 2 (CH 8 ) 2 l]ClI, m.p. 
144°. 1 -Vinylbenzimidazole, oil, b.p. 146° (12 mrn.) (Meisen, Wieger, J.pr. 102, 
45). 2-Methylbenzimidazole, o-phenyleneaceiamidine, C 6 H 4 (N 2 H)C-CH 3 , m.p. 
176°. 2 -Phenylbenzimidazole, pkenylenehenzamidme, C 6 H 4 (N 2 H)C-CJis, m.p. 
291 °, is also formed by rmurangement of e-aminobeiizophenorie oxime [Auwers, v. 
Mayenburg, Ber. 24, 2386; Wheeler, Ain.Chem.J. 17 (1897), 397). 2-(o-Amino- 
phenyl)-benzimidazole, C 6 n 4 (N 2 H)C'C' 6 H 4 { 2 ]NH 2 , m.p. 211°, condenses with 
formic acid to form an anhydro compound: benzimidazo[l, 2 -cJquinazoline, 
N=:C C6H4 N 

I I II , m.p. 227°; with nitrous acid the corresponding triazo com- 

-CH 

pound, m.p. 208°, is formed (v. Niementowski, Ber. 32, 1456). For 2-{o-, m- 
and p-aminophenyl)-benzimidazole and their reactions, see Miklaszewski, v. 
Niementmeski, Ber. 34, 2953, 

2,5(or 2 , 6 )-DimethybenzimidazoIe, CH3C6H8(N2H)CCH8, m.p. 199°, from 

l, 3,4-toluenediaiiuiU! wit h glacial CII 3 CO 2 H or CH 3 CHO. Application of method 
2 (see p. 132) to the two nit-roethyltoluidines, (IH 3 I 1 jC 6 H 8 l 3 jN 02 | 4 ]NH(hH 6 and 
CH 3 [llC 6 H 8 f 4 ]N 02 ! 3 ]NHChH(„ gives two isomeric l-ethyl-2,7iz-dimethylbenz- 
imidazoles, m.p. 87° and 93°; when the hydnxddorides of th(‘S(^ isomers are 
heated, ethyl chloride is eliminated, and the same 2,5(or 2,6)-dimethylbenz- 
imidazole is obtained from each of the two. 2,5(or 2,6)-Dimethylbenzimidazole 
and methyl iodide give two isomeric l,2,/3z-trimethylbenzimidazoles, m.p. 123° 
and 142°, which are also obtained from the two N-methyl-o-toluenediamines with 
glacial acetic acid; with methyl iodide they both form the same addition product, 

m. p. 221° (Fischer, J.pr. 73, 424). The following equations illustrate these 
relationships: 



134 FIVE-MEMBERED RINGS WITH TWO HETERO ATOMS 


CII3 C ' CH:C N(C,H6)v 


Cll CU:C -N 




CClIa 


CJIa C • CH:C 


-Nx 


CHCH:CN(C,1E/ 


Sccih- 


-CsIUCl 


(^11, C . CIEC Nv ,, 

II I 

CnCIECN^ 


H31 


CUzC . CH:C-N(CII,) 

II I 

CHCIEC-N 

CITaC • CH:C——N. 

li I >C-CH. 

CHC]1:CN(CII,K 


CCH, 


Like the 4(5)-alkylimi(laz()les (p. 127), 2,5(()r 2,6)-diineth3^1benziTni(lazole 
IS virtually a tautornorie substance (r/. Fischrr, Rigaud, B(‘r. 34, 4202). With 
silver nitrate it gives a silver salt, C 7 H 6 (C 2 H 3 N 2 Ag). Chloride of lime attacks 
the imine hydrogen, replacing it with a chlorine atom, which, in boiling benzene 
solution, changes place with a hydrogen atom on the benzene ring; this process 
of chlorination can be repeated until all the hydrogen atoms of the Innizene 
nucleus are replaced by chlorine, and 1-chlo^o- 2 ,i^* 2 -dimethyltrichlo^obenzimid- 
azole, CHs-CeCl 8 (N 2 Cl)C*CH 3 , is obtained. i-AretyL-2,Hz~dimeihylbenzimida- 
zokf C 7 H 8 (C 2 HaN 2 *COCH 3 ), is formed from the silver salt with acetyl chloride, 
and the I-benzoyl compound, m.p. 92°, from the base with IxMizoyJ chloride. 
Benzoyl chloride and aqueous sodium hydroxide decompose it to dibenzoyltoluene- 
diamine. With btmzaldehyde it coiidenac's to 2-styi‘yl-fi(6)-n)ethylb(‘nzimidazole, 
C 7 H 6 (N 2 H)C-CH:CHC 6 H 6 » and with phthalic anhydride to a phUudone (cf. 
quiriophthalone), which is oxidized by KM 11 O 4 to 5{(y)-mcihyl(ieitzhnidazolr-2- 
carhoxylic acid, C 8 H 7 N 2 • COOIl. 

Naphthl l,21imidazole, C'ioH 6 (N 2 lI)CH, m.p. 171°, is converted by means of 
chromic acid to 4,5-ben2iniidazoledicarboxylic acid, ((X)()n)2[4,5JCr)H2(N2H)CH 
(numbering, p. 131), m.p. 251° (Fischer, Ih'r. 32, 1312). 1-Methylphenanthr- 
19,10]imidazole, epiosin, (C 6 H 4 ) 2 C 2 (N 2 *('H 3 )CH, m.p. 195°, is prepared from 
9-hydroxy-lO-phenanihryIamine (Vol. Ill) by heating with alcoholic methylamine 
solution; it has a physiological action similar to morphine [Vahleyi, Arch .exp. 
Path.Pharm. 47 (1902), 368]. P^or polymeric benzimidazoles, see Fischer, 
Wreszinski, Ber. 25, 2712. 

CH 2 ~N—C6H4 


ll-Isoindolo[ 2,1 -a] benzimidazole, benzylenehenzimidazole, | I I » 

C6H4-C—N 

m.p. 210°, is formed by the condensation of phthalaldehyde with o-phenylene- 
diamine. By careful oxidation with KMn 04 it can be converted to 11-isoindolo- 
CO~N—CeH4 


[ 2,1 -a] benzimidazol-11 -one, 



U 


, yellow needles, m.p. 213°, which is 


the lactam of 2-phenylimidazole-4-carboxylic acid, m.p. 266°; the latter is also 
obtained by condensation of o-phenylenediamine with phthalic anhydride or o- 
phthalaldehydic acid and by reduction of N-phenyl-o-nitrophthalimide (Rupe, 
Thiess, Ber. 42, 4287). 

Benzimidazole -2-propionic acid, m.p. 236° (with foaming), from o-phenylene- 
diamine and succinic acid (WilUtdtter, Stoll, Ann. 415,37); ethyl ester, m.p. 136 °; 
methyl ester, m.p. 145°. 

2,2 '-Bibenzimidazole is formed by reduction of o,o'-dinitro6xanilide (Buchta, 
Ann. 209, 257): 


cja/ 


•NH—CO—CO-NII. 


NO, 


-Nil. H /N. .Nv 

\C.H. -> >C—C<f XlJI, 

o,n/ \nh/ \nh/ 


Benzobisimidazoles are prepared from o-diaminobenziinidazoles with carboxylic 
acids (Nietzki, Schmidt» Ber. 22, 1652): 
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. N V .NH 2 . N . / N V 

CH, • C<f yCellX + CILCOOII CIL • Cf >C6H2< >C • CH, 

\NH/ ^NII/ \NIK 


HYDROGENATED BENZIMpAZOLES, BENZIMIDAZOLINES, have not 
been identified with certainly. The j)rin]ary products n'sultiiij;;^ from the inter¬ 
action of monoalkyhited o-diamines and aldehydes are probably benzimidazolines; 
they are readily convertittl to bcuizimidazoles by (ilirnination of hydrogen {Fischer, 
Ber. 25, 2827). Tlie condensation products of acetoacetic (;ster with o-toluene- 
diamine behave similarly {Autenrieth, Jlifisberg, Ber. 25, 606). The action of 
methylene iodide on N,N'-diphenylsulfonyl-o-phenyleiiediamine yields 1 , 3 -di- 

phenylsulfonylbenzimidazoline, CeH^ >CTl 2 , m.p. 148° {Hinsherg, 

\N(S02CcH5)/ 


.SYr/zp/cr, Ann. 287, 220). 

The* compounds obtained by reduction of acylated o-nitranilin(*s with ammo¬ 
nium sulfide or tin and hydrocliloric acid are apparently derivatives of hydrobenz- 
imidazol(‘s; when luxated with zinc dust tlu'y yield benzimidazoles {v. Nicmen^ 
io'tvski, B('r. 43, 3012): 


.Nil COCIL 
‘^NOa 



.NH-CH 

Oxazirobenzimidazole, C 6 n 4 <^ 210°, from o-nitroformanilide 

with (N 114 ) 08 , is (‘asily r(;arrang(‘d by various reagcmts to the isomeric 2 ( 3 )- 
benzimidazolone (st'e; below). 2 -Methyloxazirobenzimidazole, m.p. 251°. 

BENZIMIDAZOLINOLS ar<> formed from the alkyl halides addition products of 
X-alkylbwn/iir.idazoIes with acpu'ons alkali, and from N,N'-dialkyl-o-phenylene- 
dianiiiK's witli carboxylic acids. Their revc'.rsion to the latt(‘r components is dis- 
cus.s('d abov(^ Wifh hydriodic acid they regenerate the alkyl irxlides of the 1- 
alkylb(‘n'dTnidazol(\s. Oxidation converts tlxan very readily to the stable 2(3)- 
benzirnidazoloTies (see b(‘low). 1,3-Dimethvlbenzimidazoiinol, CeH 4 (NCH 3 ) 2 - 
(dl(()H), m.p. 74°, when boiknl with aq. sodium hydroxide is split into formic 
acid and N,N'-diuH'tIn l-a-phenykmedianiine. With acetic anhydride the latter 
giv(‘s 1,2,3-trimfthylbenzimidazolinol, (VJ] 4 (N(dT 3 )i!CdOH)(Tl 3 , rn.p. 164°. 
5-Nitro-l ,3-dimethylbenzimidazoliiioI, m.p, 128°, from the methyl iodide with 
soda or ammonia, is (h'cornposed evaai by cold aqiK'ous sodium hydroxide. 1 - 
Phenyl-3-methylbenzimidazolinol, m.p. 168°, resistant to si)litting. 1,3,4,6- 
Tetramethylbeiizimidazolinol, (ClhOA eHijfXOTI.O.iC’HfOH), m.p. 135°, decom¬ 
poses when heated with al(a)holic sodium hydroxide* solution under pnxssure 
{Fischer, B(*r. 34, 631); J.pr. 73, 419; Fischer, Figavd, Ber. 34, 4202; Fischer, 
Hess, Ber. 36, 3967). 

OXO-, THIO- and IMINOBENZIMIDAZOLINES are cyclic phenyleneureas, 
thi(>ureas, and guaiiidiiKss; they are prepanal from o-diamines with COCI 2 and 
CSCI 2 or CkS 2 , with \irea and t hiourea or ammonium thiocyanate, or wdth phenyl 
isothiocyanate and carbodiplu'njdimide (seti b(‘low): 



COClj 

'(cscid 


xNlL 

CeU4< 


c;(NC,.H5)2 


/NIL 

CeH4< >C:NCJH[. 

\NH/ 


In many respects these compouj»ds laduive as hydroxy, mercapto and amino 
derivatives of benzimidazoles, and th(*r('fore may have either of these two for¬ 
mulas: 


.NIL 


(1) C5H4<f yCO, (S, NH) 
^NH/ 


CflH4 


< yC-OH, (SII, NH,) 
XnH/ 


(II) 
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2(3)-Benzimidazolone, o-phenyletievrea, r 6 H 4 (N 2 TT 2 )CO, m.p. 308°, can also 
be pn‘[)ar(‘cl from o-aminopheiiyiurcthan {Liebcnnann, Bit. 12, 12fK),' Hartmann^ 
ItcM’. 23, 1047; Kyra, J.f)r. 75, 323). Methyl-2(3)-benzimidazolone, CrHe- 
(N 2 H 2 )('(), m.p. 290°, also from 2-ethoxymethyJbenzimidazole, C 7 H 6 (N 2 H):- 
103°, the product of the* reaction of imidocarboriic acid ester and 
o-tolueiK^diamine, by saponificatioti. 1 ,3-Dimethyl-2 (3) -benzimidazolone, C 6 H 4 - 

(NCH 8 ) 2 (-' 0 , m.p. 110°, is formed by oxidation of l,3-(limethylbenzimidazolinol 
(sec above and l*innow, Sdmaiin, Ber. 32, 2187). * 

Thiobenzimidazolone, o-phenylcneth.iourea, (•Jl 4 (Ni:H 2 )(^S, m.p. 298° (doc.), 
from plumylenediarnine thiocyanate {Ijiibnann, Ann. 221 , 9; 228, 244). Benz¬ 
imidazolone 2 -anil, o-phniylmephenylguarddine, CcIRfCNaHoCeHa), m.p. 188°, 
fiorn carbodiplxaiylimide and o-phenylenediamin<'! {(lahricL, Ihymann, Ber. 23, 
2498). ^ ‘ 


9. OXAZOLES 

[3] 

[41 HC—N-^ 

II V’H [2J 

[6] HO-0^^ 

in 


In 1 h(‘ o)d(‘r lileraturc', is usc^d for po.sition 2, and a and /3 for positions 4 and 5. 
See paj <(5 143. 

Tlie oxaz()l(‘s are isom(‘i-s of the isoxazoh's. They are prej)art‘d: il) By con¬ 
densation of a-halogeno kc'toJK^s with carboxvlie acid amides {Jjev^y, B(t. 20,2576; 
21,2J9o): 


GJToCO 


CIl2Br 


+ 


TToNx 

)CCTI, 

o- 


CsIIsC-N. 

II >CCH, 
CII-O/ 

2'Methyl-4-phenyloxaziole 


Th(^ ketone and the ainid(‘ probably nvaet in t.lu* hydroxyl form (r/. p. 90, general 
syntlieses of the azoles). 

{t) From acylated cv-anuno kcdoix's by the action of P(4 5 or concentrated 
H 2 SO 4 {Gabriel, Ber. 43, 1283; Kohn, Bam, J. 95, 2167), analogous to the forma¬ 
tion of furans from 1 ,3-di(;arbonyl compounds (p. 15): 


CH2~Nn 


\, 


CH 3 GO 


COCIT 3 


or 


Ull-N. 

II >C-CTl3 

(jiU'.OH my 


-HjO 


oil—N; 


C 1 I 3 O- 




CCII, 


(,V) l<4'om bi'iizoin and aei<l nitriles with conciudrated TE 8 O 4 {Japp, Murray, 
,1. 63 (1893), 4(30): 


C 6 H 5 CO 

I + 

CJiftCHOll 


N^CCII, 


CeH.C-N. 

II > 

C6H5C—(X 


CCH, 


2-M cthyl-4,6-diphenyl oxazole 


Triphenyloxazolone, m.p. 130°, is formed from benzilic acid and benzonitrile 
with concentrated sulfuric acid {Japp, Findlay, Proc.Chem.Soc. 15 (1899), 165) i 


COOH+N^. 

i- 


(c.^6H,)2C—on 


CelE 


CO Nv 

(CfilWoC-Q/ 


G-Cellfi 


2,5,5-Triphenyl-4-oxa*olone 


( 4 ) From inandelonitrile and its homologucs with benzaldehydo in the pres¬ 
ence of gaseous hydrogen chloride {Mmoidci, Ber. 29, 2097): 
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C6H5CHOH 


;N 


+ OCHCeHB 


C«HbC- 


-0 




CC«H5 


CH— 

2,5-Diphenyloxazolp 


Properties.—VliG oxazoles aro vv(‘ak bast's. Tlu‘ lf)\v(*r riit‘nibt‘.rs of the series 
snioll like pyridine and are misciblti witli water. Whc'n evaporated with hydro¬ 
chloric acid they decomposer into carboxylic acids and amines. Oxidizing and 
reducing agents open the oxazole ring of some derivatives easily, wliih' others are 
more stable. The parent substance of tlur group is not known. 

4-Phenyloxazole, m.p. 4(1 b.j). 222°, is prepared frv)m tormamide with w- 

bromoacetophenone. 2-Methyl -4 -phenyl- and 4,5-diphenyloxazole, m.p. 45°, 
b.p. 242°, and m.p. 44°, b.p. 192-195° (15 mm.), respectively. 5-Methyl-2- 
phenyloxazole , b.p. 240°, from benzamidt' and chloroactdone, is converted by 
alcoholic NHs to phenylrnethylimidazok'. 2,4-Dimethyloxazole, b.p. 10S°, from 
acetamide and (diloroacetone atreording to rntrlhod 7 (sor abovt?) (Oesterreirk, Her. 
30, 2254). 2,5~Dimethyloxazole, b.p. 118° (Gahrie!, Her. 43, 1287), from acet- 
aminoacetone and PCh. 2-Methyl~5-phenyloxazole, m.j). 59°, b.p. 255°, from 
acetaminoaceto])henone by mel hod ;i?. 

2,5-Diphenyloxazole, m.p. 74°, b.p. ovtn* ’J00°, from benzamide and phenyl- 
bromoacotald(4iyde by method from b(Mizoylaminoacetoj)h('none by method 
S, and from rnandelonitrile and benzahhdiyde by method tog(4h(‘r with btmzal- 
malonamidc {Fischer, Her. 29, 205). Oxidation with (rhromic a(*id converts it to 
N-pkcnylglyoxyl!ilh(’fiz(im'i(le, ('filHCXl-ClO-Nil •(XlOeH.'i, atid reduction witli 
sodium and alcohol, to \-phejnil-2-}>e)izylaminn(ihauol, (’JhXTla• NH • OH 2 •- 
CH(OH)C6Hr.. When iieated with ammonia it gives diidienylirnidazole. 2,4,5- 
Triphenyloxazole , bevzilam, m.]). 1 15°, has b(‘en obsc'rved among the products of 
the reaction of ammonia and ben/il {Pinner, H(‘r. 35, 4107) : it is more advan¬ 
tageously p)repared from benzoyld(‘sylamine, ('cn 5 *CO C]T(C«H6)-NH-CO-- 
CfiHr,, by brief heating with concentrated 112 ^ 04 , according to method 2 (p. 136). 

DIHYDROOXAZOLES, OXAZOLINES, arv formed by condcaisation of the 
/3-halogenoalkylamides of carboxylic acids by m(*ans of alkali {Gabriel, Her. 22, 
2229). Benzimidyl chloroethyl etlier when warmed g(‘ntly rearranges to the 
hydrochloride of plK'nyloxazolinci; at 100° tlie latter rearranges to chloroethyl- 
benzamide {WisUceivus, Korber, Her. 35, 1C4): 


yO -CH 2 

C,H6C< I 

^NH CH2CI 


-HCi yO-CII^ 

-> CJIbC^ I 7 


HCI O CHjCl 


NaOH 




2-Phenyloxazoline, b.p. 243°, is split by sodinm and amyl alcohol to 2- 
(b(‘nzylamino)-idhan()l, HOCH 2 -CH 2 'NH-C/fc-CeHs {Gabriel, Stelzrier, Her. 29, 
2382). 2-Methyloxazoline, b.p. 110°, picratc m.p. 159 ° {Gabriel, Heymann, Her. 
23, 2502). 2,4-Dimethyloxazoline, b.p. 118°, from /3-bromopropylacetamide. 
4-Methyl-2-phenyloxazoline, b.p. 244°, is also obtained from allylbenzamido, 
CelibCO Nn Cdlo.CllrCTH, with H. 2 SO 4 {Either, Wetz, Her. 26, 2840; Ucdinck, 
Her. 32,967). 

The lactone-like anhydrides of a-benzoylamino fatty acids such as 


CbTIb- 



are ox(xlihydrooxazoles or oxazoloues. 2,5, 5-Triphenyl-4-oxa2olone, m.p. 136°; 
for its synthesis according to method 3, see above. 

TETRAHYDROOXAZOLES, OXAZOLIDINES. These are the condensation 
products of aldehydes with amino alcohols (Knorr, Matihes, Bor. 34, 3484): 

HOCHa /O-CH, 

ECHO + I -► RCH< I 

R'NH-CHa ^NR'-CHa 

They are distillable liquids, which are readily hydrolyzed into their components. 
3-Methvloxazolidine, b.p. 100°; 2-methyloxazolidine, b.p. 141°; 2,3-dimethyl- 
ozazolidine, b.p. 109°; 2-phenyloxazolidine, b.p. 284°. Another member of 
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this grrmp iw th(' product of reaction of l-aniinopropylcnc p^lycol and bcnzaldc- 
hyde, 2-phenyl-5-(hydroxyinethyl)-oxazolidiiie, in.p. 75-79", inch is of use in 
the pn'paration of jj]y<*(‘rides {Hcrgmnnn^ Brandy Drt'ijir, P>er. 54, 936, 949; 
Z 4 )hysiol.Chen). 137, 27; Vol. I, p. 585). 

AMINOOXAZOLINES or iminodxazolidiues (sc^o below) are also known as 

CIU-N. 

alkylene-jd-ur(‘/is: 2-aminoc)xazoline, I ^CN H 2 , picrate in.p. 158°, and 2- 

amino-5-methyloxazoline, picrat(‘ m.p. 186°, obtained from /3-bronao('thyl- hthI 
/S-bromopropyhiTuine with potassium cyanate. 4,5-Diphenyl-2-ammoi)xazoUne, 
m.j). 154°, from diphenylhydrox'y(‘thylainin(' with })otassiuin cyanatt‘ {Sodcr- 
haurn, B(‘r. 28, 1899). 

OXOTETRAHYDROOXAZOLE derivatives result from llie elin'ination of HCl 
from /3-haloKenoalkyl est(!rs of (‘arbamic acirl \JohNSor>, (hirst, Am.Chem.J. 44 
(1911), 453], and dioxo (ha-ivatives fnan the ph(‘nyhu-(4h.‘uis of a-hydroyycar- 
boxylic acid esters {LainhUng, C.r. 127, 188; Bull. [3] 27, 606): 


CelTsNH CIC'H 

I 

CO 


(V 


CH-v 

I Vriu 
co-o- 


C'6H.sNn 


\CE, 

0/ 


'JToN-CO, 

CO—O' 


Sen, 


The action of 1,2-chloi'ohydrins, their homolo^ues or alkyleno oxides on sodium 
cyanarnide f)r()duces 2-imino<ixazolidines {Froinniy Honoldy B('r. 55, 902; Joseph- 
son, Ann. 467, 292): 


N- 

II 

NaN=C 


!Na"'Cl! 


Cl] 2 


HO 


IIN—CI ?2 

N - CH: 

1 1 - 

— > II 1 

N:C 

ITsN-C ((IT, 

\/ 

\/ 

0 

0 

(i) 

(H) 


The iminooxazolidines (1) are tautomeric substances which can also react as 2- 
aminooxazoIiiK'S (II) hsee above); with phenyl isotliiocyanate tiny ^ivo two 
isomeric series of i)hony]thioureas (v. Auwers, Hilligrr, Wulf, Ann. 429, 241). 


10. BENZOXAZOLES 

[6] (4] 13] 

HC--HC—C—Nx 

I II ven (21 

(!—O' 
m [7) 11] 

As benzimidazoles are formed from o-i)heriylonediamines, so 
benzoxazoles are prepared from o-aminoplienols, by heating with 
carboxylic acids or their derivatives: 

.OH /Ox 

C«H 4 < + CH3CO2H - C\h/ >CCH3 4 - 2H2O 

^NHo 

The benzoxazoles, also known as alkenylaminophenols, are weak 
bases; when warmed with acids'they are split into their components. 
Several benzoxazole derivatives are substantive cotton dyes (Lell- 
mann, Ehel^ Ber. 28, 1127; Kyniy Ber. 32, 1427). 

/Ox 

BENZOXAZOLE, methenylarniriophmolf C 6 H 4 <^ ^CH, m.p. 31°, b.p. 183°, 
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volatile with steam, is obtained by heatinjsr ^-andnojiluniol with formic acid or by 
ht'ating o-form^daminophenol to 160 170°. Tt hydrolyzes to form^daminophenol 
ill boiling water. Bcnzoxazole is similar to tJie isominic anthranil {Bamhrrgcr, 
Her. 36, 2054). When heated with C'HJ it forms a rri(‘thyl iodide, in.p. 1 S: 1 ° 
(d(H*.), which is sjilit by dilute mirua-al acid to N-methyl-r)-ainin<mli(‘nol. 
B(‘nzoxazoles are also foniH'd from many oximes of aromatic o-hydroxyketoncs 
by Beckmann riiarrangeinent, if th(‘ oxime is in the m/// form in ndation to the 
hydroxyl substitutc'd aromatic nucleus iv. Auuwrs, Jonla?/, Ih'r. 58, 26; Mriaen- 
hrijucr, Ziinmrnntuiii, v. Kunimrr, Ann. 446, 205; Mcisrnhchiu r, Hannsniy 
\Vd 'htrrouu'tz, J.pr. 119, 315). 2-Methylbenzoxazole, etkrni/larfiijiopheiioly b.p. 
201 2-Phenylbenzoxazole, m.p. 103 °, is also prepa^tnl by rialuct ion of Ixuizoyl- 
o-nitro]>henol \ La<JniJ>nrg, B(‘r. 9, 1526; Wheeler, Am.Chern.J. 17 (1806), 397; 
lluhner, Ann. 210. 3841. 2,4,6-Trimethylbenzoxazole, m.p. 28.5°, from, the 
e/yp-oxinu^ of 2-ac(;tyl-3,5-xylcnol by the Beckmann nairrangi'imait (v. Aieirers, 
Jnrdn/i, Bi‘r. 58, 32); 5-methyI-2-phenylbenzoxazole, m.p. 104°. 2~Phenyl- 
5,7-dimethylbenzoxazole, m.}>. 99 100° (Meiscjihermer, Hnnssen, WarhterowUz, 
J.pr. IIQ, 340). f)-Methyl-2~(p-aminophenyl)-benzoxazole, n^.j). 188°, is pn*- 
par(‘(l by i-i'duction of p-nitrob(aizoyB,m-nitro-p-cr(‘sol; its diazo compound 
couplers with 2 -naph 1 hol and similar compounds to give carmine-red, acid-stable, 
substantive cotton dyes. For the preparation and projK^rli(‘s of a number of 2- 
alkylbenz(>xa.zol(‘s, s(‘e Skreiup, Ann. 419, 1 . 

Hydroxy and nan-capto di’rivatives of b(‘nzoxazol(‘S ari' prepared from o-amino- 
planiols with ('OC'h' or CJCOOB, a.nd 082 or (nSCb, amino derivatives from the 
liydroxy or rnercupto diaivatives by heating with amines. As in the case of the 
analogous benzimidazoh' compounds (p. 135), two formulas arc possible for these 
(sonipounds: 

/Os. /O. /O. 

C5H< >C-0H Celt/ >C-SJI CAh< >CbNH 2 

\n^ \n-" \n-^ 

2-BenzoxazoIol 2-Bctizoxazolc(hiol 2-Aininohei)zoxazole 


C,Ui< >co 
^NIK 

2(3)-rienzoxazolone 


CAl/ \C:H C,h/ ^ V-N 

\NTT/ 


\NIK 

2-Thi(>-2(3)4)oazox:izoloiic 


CeHZ >0:N11 

2-Iii)iiio-2,3-beuz{)xiiz()Unc 


Alkyl dia’ivativc's of hot h forms of hydroxyb(‘nzoxazoh‘ have* Ixam pn^panal; tin* 
members of oik' S(*ri(\s are O-alkyl di'rivatives, or lacliin ethers, whil(‘ th(‘ membiu's 
of the other stTies an' N-alkyl di'rivatives, or lactam, ethers. Tlu' aminobmizoxaz- 
ol(^s also form isomi'ric alkyl di'rivat iv(‘s. 

2-Benzoxazolol, carhoinjlarninophenol, m.j). 137°, is also prepared by thi; action 
of thionyl chloride on stilicylhydroxamic acid {Beckmann rearrangi'ment) {Ma.r- 
quis, C.r. 143, 1163) and by lieating aia'tylsalicylhydroxamic acid or e-acetoxv- 
benzoic acid azide in benzene solution (Lindemaim., Schaltheis, Ann. 451, 
243) . ft, is insoluble in alkali. With ethyl iodide it gives an N-ethyl dei‘iva.t ive, 
l-ethyl-2-benzoxazolone, m.p. 29°; 2-ethoxybenzoxazole , b.p. 225 230°, is ob- 
taiiK'd from imidocarbonic acid ether wdth o-aminophenol (Sandmei/er, B(‘r. 19, 
2655). l-Benzoyl-2-benzoxazolone, m.p. 174° {Ransojn, Ber. 31, 1055). A 
dibromobenzoxazolone, CeHoBr-^ff ’OaNTI), m .p.255 °, is formed from salicylarnide 
with KOBr {can Dam, Bee. 18, 408). 2-BenzoxazolethioI (formulagiven above), 
m.p. 193-196°, solubh' in alkalies and ammonia, is prepanai from aminophenol 
hydrochloride with potiissium xanthogenat,e or from o-aminophenol and CS 2 in 
alcoholic solution. 

2-Aminobenzoxazole, m.p. 130°, isomeric with 2(3)-benziraidazolonc (p. 136), 
is prepanai from o-hydrox 37 >henylthiourea by elimination of H 2 S by means of 
HgO, and from benzoxazole by tri^atment with hydroxylamine (Skraup, Ann. 
419, 1). 

Benzoxazolyl alkyl ketones are not known, but 2 -benzoylberizoxazole is ob¬ 
tained from 2-benzylbenzoxazole through the oximino derivative {Skraup, Moser, 
Ber. 55, 1096). 

2-Benzoxazolecarboxylic acid, m.p. 85°, is prepared by oxidation of 2 -methyl- 
benzoxazole, or more smoothly from 2 -n-hydroxyplienylbenzoxazole with potas¬ 
sium permanganate {Skraup, Moser, Ber. 55, 1091). Th<' silver and mercurous 
salt are sparingly soluble in water. 
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Naphthoxazoles : Fischer, J.pr. 73, 438; v. Meyer, J.pr. 92, 258; Jacobson, 
Ber. 21, 414; Jacobson, Schenke, B«r. 22, 3241. 

Dioxoanthroxazoles : Ullmann, Junghaus, Ann. 399, 331. 


11. THIAZOLES 


[<i nc— y. 

>CH 12] 

-s/ 


16] H 




'HI 


In tlio older liieratun? /i nulical.es the 2-position, and a and ^ indicate the 4- 
and 5-positions. See pa^ci 143. 


As the oxazoles are obtained from the carboxylic acid amides, so 
the thiazoles are formed from the thioamidcs with a-halogeno 
aldehydes or ketones (c/. p. 136): 


HC:0 

I H 

H2CCI 

Chloroacetalde- 

liyde 



Thioacetamide 


HC—N 

II 

nc~s 


\c-CH8 


2-Metbylthiazole 


The preparation of thiazoles from acyhdxHl «-amino ketones by heating with 
phosphorus sulfide is analogous to the formation of thioplumes from 1,3-dioxo 
compounds (p. 15) {Gabriel, Ber. 43, 1283): 


CH2—Nil 


CH; 




\ 


COCH, 



In the same way 5-alkoxyt,hiazoltiS aie obtaiiuul from acylated a-amino car¬ 
boxylic acid esters and P'jSf, {Miynmichi, J.Bharm.Soc. Japan 1926, No. 528, 16). 

Thiazole and its homologues are prepared also from 2-arninothiazoles (p. 141) 
through the; diazo compounds, as bon/eiu^ is obtained from aniline*. 

Behavior .—While thiophene resembks benzene, thiazole and its derivatives 
correspond in their physical and some of their cluutjica) prt)p(‘rties to the pyridines. 
Thiazole may be considered to be derivtai from pyridine by r(‘placement of a 
CH=CIT-group by an S-atorn (p. 4). The thiazoles are tertiary oases and form 
addition products with alkyl iodides. Th(*y are usually resistant to oxidizing 
agents; KMn 04 , however, sf)lits out th(‘ sulfur as H 2 S() 4 . Fc)r spectrochemical 
data on tlie thiazoles, see v. Auwers, Frnst, Z.physik.Chem. 122 (1926), 217. 

THIAZOLE, b.p. 117°, with an odor like pyridine, is prepared from 2-amino- 
thiazole with NuOa and alcohol, and from chloroacetaldehyde and thioformamide 
{Willsidtier, Wirth, Ber. 42, 1918); ('aHsNS HCl-AuCh, m.j:). 248-250° (doc.); 
CsHaNS-HgCii, ra.p. 202-204°. 5-Methylthiazole, rn.p. 232°, from the amino 
compound and also from methylthiazolol by distillation with zinc dust (Popp, 
Ann. 250, 279); the isomeric 2-methylthiazole, b.p. 128°, with an odor like 
picolino, is formed from monochloroacetaldehyde and thioacetamide. 2,4- 
Dimethylthiazole, b.p. 145°, from chloroacetone and thioacetamide, is decom¬ 
posed by reduction with sodium and alcohol to ethylisopropylamine and H 2 S. 
2,5-Dimethylthiazole, b.p. 153° (758 mm.), from acetamidoacetone and P 2 S 6 . 
The methyl group in the, 2-position po.ss(‘sses a reactivity similar to a methyl 
group on a pyridine ring (Bchuftan, Ber. 27, 1009). 2,4,5-Trimethylthiazole, 
D.p. 107°; 4-phenylthiazole, m.p. 52°, b.p. 273°. 2-Methyl-5-phenylthiazole, 
m.p. 81°, from acetamidoaceto])henoIu^ and 2-phenyl-5-methylthiazole, 

b.p. 283°, frf)m benzoylaminoacetone and P 2 S 6 ; 2,5-diphenylthiazole, m.p. 
x04°, from benzoylaminoacetophenone and P 2 H 6 . 2,4-Diphenylthiazole, b.p. 
153° (758 mm.). 2,4,5-Triphenylthiazole, m.p. 87°, from thiobenzamide and 
bromodesoxybenzoin or desyl bromide. 

Halogenothiazoles are oV)tained from diazolhiazolcs (page 141) with concen¬ 
trated hydrohalogen acids: 2-chlorothiazole, b.p. 1J5°; 2-bromothiazole, b.p. 
171°. 
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2 -Aminothiazoles are formi*d from a-halogeiio kidoiics with thioureas (pseudo 
form): 


CH,-CO 


+ 



C-NH2 


CllaC—N, 

2-AiTiino-4-metbylthiaaiole 


^-Dialkylthioureas give compounds which are derived from iminothiazoline; 
for tJie isomeric moriualkylaminothiazoles, see Ndf, Ann. 265, 110. The amino- 
thiazoles are Similar to the prim.ary aromatic amines; they can be converted to 
diazo compounds, and through these, to halogonothiazoles, thiazolos, and tliiazolo- 
carboxylic acids. 

2-Aminothiazole, m.p. 90°, prepared from aj5-dichlorodiethyl ether (enters the 
reaction as monochloroacetaldehyde) and thiourea. Its nitrate reacts with 
N 2 O 3 to give tliiazolediazonium hydroxide, C' 3 H 2 (N:NOH)NS, which couples 
with resorcinol, naphthol, and the like, to form yellow to brown azo dyes (Jaeckie, 
Ann. 246, 40). 2-Amino-4-methylthiazole, m.p. 42°, b.p. 136° (30-40 mm.), 
from chloroacetone with thiourea or ammonium thiocyanate (Hantzsch, Weber, 
Ber, 20, 3127); 2-amino-4-phenylthiazole, similarly from a-chloroac(‘tophenone 
(Schatzmann., Ann. 261, 14). 3,4-Dimethyl- 2 -inethyliminothiazoline, 


ITaCC—NCH3 
,J| X^NCHa, 
HC- S 


m.p. 96°, from chloroac(‘.ione and fi-dim(‘thylthiourea. 

The similarity between the 2 -aminothiazoles and primary aromatic amines, 
which is indicated in the diazotization of the amino group, is also apparent in the 
reaction vilh aromatic aldehydes, which produces derivatives of dithiazolyl- 
phenylm(4hnne; the hitt,(*r can be conv(^rt(*d to dyes analogous to the triphenyl- 
met haiie dyes [Bogert, Chcrtcoffy Proc.Nat.Acad.Sci.U.S. 10 (1924), 418] . 

Thiazolols result from th(‘ isomerization of o'-thiocyano ketones when allowed to 
stand in aqueous bicarbonate solution (Tcher'uiac, Ber. 25, 2608) or when warmed 
with mineral acid (Hantzschy Ber. 60, 2537): 


Cfdit’CO 

H 2 CSCN 

Thiocyano- 

aoetopheiione 


Cfdh'CO H 2 N 
H 2 C- s 

Carbamylthioacetophenone 



Cells •C—Nv 


4-Phenyl-2“thiaeolol, 
m.p. 204° 


4-Methyl-2-thiazolol, m.p. 106°, is prepared from its carboxylic acid (see 
below) by decarboxylation, and from thiocyanoacetone with alkalis (ArapedeSy 
Ann. 249, 16; WohmanUy Ann. 259, 297; TcherniaCy Ber. 25, 3648). 

Mercaptothiazoles are formed by heating a-chloro ketones with ammonium 

H3CC~-N. 

dithiocarbamate. 4-Methyl-2-thiazolethiol, 11 >C-SH, m.p. 90°; 4- 

HC—S/ 

phenyl- 2 -thiazolethiol, m.p. 168° (IHrmov^y Ber. 26, 604). 

Thiazolecarboxylic acids. Their esters ar(^ prodiicc^d by condensation of chloro- 
acetoacetic ester, chlorooxalylacjetic ester, and the like with thioamides: 


HaC-CO HN. H 3 CC—N. 

T + V-CH, -> -I >C-CH, 

ROaC CHCI HS/ IlOsC G— 8 / 

2,4-Dimethylihia*ole-5- 
carboxylic acid ester 

Amino-, hydroxy- and mercaptothiazolecarboxylic acids are formed by similar 
reactions as amino-, hydroxy- and mercaptothiazoles, the corresyionding 0 x 0 - 
carboxylic acid derivatives being used in place of the a-halogeno or a-thiocyano 
ketones. 

4-Methyl-5-thiazolecarbo^lic acid, m.p. 267°; its ester is obtained from amino- 
methylthiazolecarboxylic acid ester (page 142) by conversion to chlorothiazole- 
carboxylic acid ester and reduction of the latter. 2-Methyl-4,5-thiazolediear- 
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boxyiic acid, m.p. 169® (dec.)» from chlorooxalylacetic ester and thioacetamide. 
2-Methyl-4-thiazoleacetic ester, C 3 H(CH 3 )(CIT 2 C()OR)NS, b.p. 239®, is pre¬ 
pared from 7 -bronioacetoac(‘tie ester and thioacetamide. 

2-Ammo-4-thiazolecarboxylic acid, snlfuvimc twirl, dec. 2-15®, from dibrorno- 
pynivic acid; its ester, m.p. 173®, from moiiobromopyruvic acid ester with 
thiourea (Sieiidc, Ann. 261, 25). 2-Amino-4-methyl-5-thiazolecarboxylic acid 
ester, m.p. 175®, from o'-chloroac(d,oacetic ester and thiourea; diazoriium hydrox¬ 
ide, m.p. 100® (dec.), 2-Hydroxy-4-methyI-5-thiazolecarboxylic acid ester, 
m.p. 128®, is obtained from a-t)uocyanoacetoacetic ester (Wohmrnni, Ann. 259, 
284, 298). 2-Mercapto-4-methyl-5-thiazolecarboxylic acid ester, m.p. 141®, 
from a-chloroacetoacetic ester and ammonium dithio(;arbamate {Miolaii, Gazz. 
23, I, 575). 

4,5-Dihydrothiazoles or 2-thiazolines .are synthesized: {1) From alkyleru' hal¬ 
ides or ^-haloii;enoalkyhimin(‘s and thioamidt^s {(labrid, Hcymarin, Ber. 24, 785; 
(tabriel, v. Hlrach, Ber. 29, 2610): 


CH2NH2 

I 

CMaBr 


UNv 

HS/ 


Cllj—N 

c*:h2 —s 


^(^CH8 


(2) From acyl-/:1-bromoalkylarnines willi P 2 y{, {Salomon, Ihu*. 26, 1328): 


c; 


'.H.-c/ 


■NH—cir. 


PjS* 




CH2Br 


/N~ CTT 
CaH5-C<f 1 

\S—CII 


2 

2 


The tliiazolines jire iriucli more ensily split tlian the thiazolos. 2-Thiazo- 
Une, oil with an odor res(‘mbling })yridi!U‘, b.p. 139°, is prepared accordinj^ to 
method i {Willddtter, Wlrtfi, Ber. 42, 1919). 2-MethyI-2-thiazoline, b.p. 145®, 
^ivos ^-aminoethanethiol when evaporated with hydrochloric acid. 2-Phenyl-2- 
thiazoline, b.}). 276®, is pn^pared from benzoyl-/3-brorrioe1 bylamiiie with P 2 S 6 and 
from aminotliiazoline (s(‘e below) by treatnamt with nitrous acid in benzene, 
analogous to the formation of diphenyl from dia.zol.)(‘nz(‘ne and benz(;ne {Ciabriet, 
LenpoLd, Ber. 31, 2833); when oxidized it yi(‘lds b('nzoyltauriiie {(liibrid, Hvy- 
maun, Ber. 23, 158): 


0112— 

ills— 


-CCeH, 


o 


CIT2—S03II 
ills—NH—COC.H5 


5-Methyl-2-o-tolyl~2-thiazoline, b.^). 29,5®, from N-/?-bromoproi)yl-o-toluylamide 

andp 2 S 6 . 2-Thiazoline-2-thiol, I ^C’STI,m.p. 107°, is formed from bromo- 

GH 2 — 

ethyl amine and CS 2 {C!abrUd,Bvi\ 22, 1152) and from ethylenimine (p. 12) and 
CS 2 ;when heated with hydrochlorie acid it decomposes into CO 2 , H 2 S, and / 3 - 
aminoethanethiol {Gabriel, Levpold, Ber. 31, 2836). 

Aminothiazolines are alkylene derivativ(!S of pseudothiourea (Yol. I, p. 509) 
wdiich are usually obtaituxl by rcarrangemtmt of .allylthioureas {thiosina7niries,\o\. 

l, p. 509); they often react as 2 -iminothiazolidines (c/. Fromm, Kapellar-Adler, 

CH2—Sv 

Ann. 467, 243). 2~Pimmo-2-thmzo\ine,cihyl€ncpseudolhiourea, I ^CNH 2 , 

m. p, 85®, from bromoethylthiourea {Gabriel, Ber. 22, 1140). 2-Anilino-5- 
meth>I-2-thiazoline, ’N-phenylpropylene-pseudothioarea, m.p. 117°, from allyl- 
phenylthiourea {Prager, Ber. 22,2991). 2-Piperidyl-5-methyl-2-thiazoline, b.p. 
277°, from N-allyl-N'N'-pentamethylenethiourea {Avenarius, Ber. 24, 265), 
2-Methylamino-4,5-dipnenyl-2-thiazoline, G 8 H 2 (G 6 Hr,) 2 NS(NHCH 3 ), m.p. 155®, 
from dipheuylhydroxyethylamine (Vol. Ill, p. 564) with methyl isothiocyanate 
(Sdderbaum, Ber. 28, 190()). 

Tlie 2(3)-thiazolones are derivatives of 2,3-dihydrothiazole or 4-thiazoline and 
are tautomeric with the 2-thiazoIols: 
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HC—HC—NH 

2-Thia*oIol 2(3)-Thiaxolone 

2 (3)-'niia/ol()iic8 are readily formed from thiocyanoketones and concimtrated 
bydrochlurie acid {Uuhachrr, Ann. 259, 250; Hanizsch, i^er. 60, 2557). 

The following; are derivatives of tetrahydrothiazole: 2,4(3,5)-thiazole- 

dione (1), ni.]). 112°, from thiocyanoaccdic acid or thiocyanoacelamide by evapo¬ 
rating with acids (Miolati, Gazz. 23, 1, 90); 2-thio-2,4(3,5)-thiazoledione r/io- 
clafdnic acid (II), from chloroacetic acid ammonium thio(yana1(‘ Zipser, Mo. 
23, 958; Andrmtich, Mo. 29, 399); 2-imino-4-thiazolidone, parudothiohydantoin 
(Ilf), rn.p. 71° Vol. 1, p. 510; cj. Frcrichs, Bechirts, Arch.Pharrn. 238 
(1900), 317J: 

CO—NHv CO—NIK (X 4 —NHv 

(I) I >CO (II) 1 >C8 (III) I >C:NH 

CHi-S/ CH,-—S/ CH^ — 

2-Imino-4-thiazoIidone 5-acetic acid, in.p. 210'' (d(‘c.), from chlorosuccinic 
acid and thiour(;a,, is couv(!r1ed by removal of the N il-group to 2,4(3,5)-thiazole- 
dione-5-acetic acid, rn.p. 109° {Tnmhach, Ann. 280, 233). 


12. BENZOTHIAZOLES 


N 131 

II 

C 121 = (m) 

111 

Benzothiazoles, the analogues of benzimidazoles and benzoxa- 
zoles, are formed by tlie following methods. (J) From o-amino- 
benzeiHddiiol and carboxylic acids (tlicir chlorides or anhydrides) by 
elimination of water {Hofmann, Ber. 13, 1224; Hauser, Helv. 
11,198): 



/Nib 

Cell/ -f- R COOII 
\SII 



Th(‘ n-aminoben'/en(‘1 hiols us(h1 as starling ma(.('rials ar(‘ n'adily oblaiiKMl by 
the action of sulfui- monochlorkle on the hydrochlorid(\s of aromatic amines (G(t. 
Pat. 3()0b9(), 31)7344, 1914; Frdl. XIV, 90S, 912). n-Nitrochlorobenzeri(‘ and its 
homologuc's can also be us(‘d for the preparation of bonzothiazok\s by tlie above 
method (Jiogni, Studi, Am. 46, 1308). 

The tendency toward the formation of the benzothiazole ring is 
so great that under certain conditions hydrogen is spontaneously 
eliminated. Tims, benzothiazoles are formed from the hydro¬ 
chlorides of o-aminobenzenethiols and aldehydes, in a reaction 
similar to method 1, in place of the expected benzothiazolines 
{Bogert, Stull, Am. 47, 3078). 

(2) From acid anilides by heating with sulfur, or from thioanilides by oxida - 
tion with potassium ferricyanide: 
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Phcnylbf'n;?othiazole ie also formed when benzylaniline is heated with sulfur; 
the reaction first ^ives thiobenzanilide, H 2 S being evolved, and this compound 
reacts according to the above equation {Wallach, Ann. 259, 300). 

Similarly, arylthioureas, when treated with bromine in chloroform solution, 
produce cyclic phenvlene-pseudothioureas or 2-aininobenzothiazoles {HngershojJ, 
36,3121)': 

.NCeHs .Nv 

NH2C<f -> 

\SH \S/ 


.NC 6 H 5 

\SH 


CbIRNH- 



as-Alkylarylthioureas give derivatives of iminohenzothiazoli'ne {BestJiorn, Ber. 
43,1519). 

Properties. —The b(‘nzotiiiazoles ar(‘ slightly basic substances with an odor re¬ 
sembling that- of quhtoline. Many of their reactions are analogcms to tliose of 
(juinoline. When fused with alkali they decompose into aminobenzenethiols and 
carboxylic acids. At elevated temp(‘ratur(‘s they form addition products with 
methyl iodide. 


N—I N 



The hydrogen atoms of the 2-m(‘thylbenzothia.zolium salts are very reactive; 
the condensation products with aldehydes give dyestuffs of the thioflavine group 
{Kimig, lier. 61, Bchulojf, J^oUak, Riesz, Ber. 61, 2538). 

Several benzothiazoh* d(a'ivativ(‘s ar(‘ important as suJ)stantLve cotton dyes. 
BENZOTHIAZOLE, tneihcjrybwnnothiophenolt b.p. 234®, is prepared: (1) 
fromo-aminobenz(methiol and formic acid; {'3) from formanilide and sulfur; (3) 
from dimethylaniline by heating with sulfur {cf. Mdhlau, A7op/er, Ber. 31, 3164); 
and (4) from o-nitrophenylthioglycolic acid by luxating with conccintrated sodium 
hydroxide {Friedldnder, (Jhwala, Mo. 28, 270). With benzoyl chloride and 
aqueous sodium hydroxides Ixmzothiazokq similarly to bimzimidazole (p. 133), is 
split into dibenzoyl-u-aminobenzenethiol and formic acid {Heissert, Ber. 38, 3430): 

/N. /NHCOCeH* 

ObH/ %CH -f 2CdhrCOC\ + 3NaOH = CbHZ + 

2NaCl -f H COaNa + H^O 


2-Methylbenzothiazole, b.p. 238®; 2-phenylbenzothiazole, m.p. 114°, also 
prepanid from o-aminobenz(*nethiol and benzaldi'hydc^ {Ihgrrty Stull, Am. 47, 
3078). 2-(4'-Aminophenyl)-6-methylbenzothiazole, dehydrothiotoluidine, 


CH, C 6 ll 3 <^ m.p. 


191®, is obtained from toluidine and 


arninobenzyl-p-toluidine (Ger. Pat. 104230, 1898) by heating wdth sulfur. Its 
trimethylhmzothiazolium chloride derivative is the d>'estuff thioflavine T. 
Further heating with sulfur converts dehydrothiotohiidine to the compound: 





.C6H4NH2 


which is the ba^ie of the dyestulT primuline (see also Kym, Ber. 32, 3537). This 
general reaction, heating p-methylarylamines with sulfur, j)roduces a series of 
technically important dyestuffs, which are known as “sulfur dyes" Weinberg, 
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B(*r. 63, A117). 2-(4 '-Aminophenyl)-5-methylbenzothiazole, m.p. 218® 

[Hogvrt, Allen, Ind. Eng.Chom. 18 (1926). 532]. 

A S(‘rios of benzothiazole derivatives have been pn'pared from 2-chlorobenzo- 

thiazole, C 6 H 4 <^ ^CCI, m.p. 24®, b.p. 248°, which is obtained from phenyl 

\n/ 


isotliiocyanate with PCI 5 . 2 -Chlorobcnzothiazole yields benzothiazole on 
n'diiclion, 2 -benzothiazolol with alcohol, 2 -ethoxybenz(>thiaz()lo with sodium 
ethylate, 2-rnercaptobenzot,hiazole with NaSH, 2-aminobenzothiazol(‘ with NHj, 
and 2-anilinobenzothiazole with CftH 6 NH 2 . 2-Benzothiazolol, m.p. 136°, is also 
prepared from chloroformic acid ester with aminobenzenethiol. 2-Ethoxy- 
benzothiazole, m.p. 27)°, b.p. over 360°, is also formed from phenylthiourethan 
(Vol. Ilf, p. 94) by oxidation with potassium ferricyanide. 2 -Benzothiazole- 
thiol, (VJi 4 (NS(^SH), m.p. 179°, is also obtaiiK'd from aminobenzenethiol with 
(\S 2 , from azobenziaie with (^82 and from phenyl isothiocyanate with S (Jacobson, 
Frnnkenhacher, Ber. 24, 1403). 2-Aminobenzothiazole, C 6 H 4 (NHC*NH 2 ), m.p. 
129°, and 2-anilinobenzothiazole, m.p. 159°, are also formt'd from phenyl- and 
i{-diph(aiylthionr(‘a with bromine in chloroform (see p. 144); when an excess of 
bromiiH' is present p('rbromi(les are produced first (Hnnter, Styles, J. 1027, 1209), 
which are reduced by SO 2 to benzothiazole fl/?/?iier, J. 127, 2023). 2 -Amino- 
berizothiazole is also preparc'd by heating ^-phenylthiosemicarbazide wdth h}^- 
drochloric ac-id (Hugershoff, Ber. 36, 3134) and by tn'ating benzothiazole with 
hydroxylarnine (Skranp, Ann. 410, 1 ); the anilinobenzothiazole is obtaimal 
from azobenzene and phenyl isothiocyanaO^ (Jacobson, Franketihacher, Ber. 
24, 1410). The aminobenzothiazole reacts with methyl iodide to give 3- 

/N((TT3)s^ 

methyl- 2 -iminobenzothiazoline, NIT, m.p. 123°, which is 

also formed from ax-methylphenylthiounaiand bromine (Brsihorn, Ber. 43, 1519). 
Often the react ions of 2 -anjinobenzothiazol(^ (I) can be explained by the assump¬ 
tion that it exists also in the tautomeric form, 2 -iminobenzothiazoline (II): 


(I) 



<■ 



IsoiiK'ric pcTbromides of both forms have b(*en obtained (Dyson, Hunter, Soyka, 
J. 1926, 2964). 

Benzothiazole-2-carboxylic acid melts at, 108° while decomposing into CO 2 and 
benzothiazole; it. is forrm'd by oxidation of thiooxaiiilic acid, C 6 H 5 NH•CSC'OOH, 
wnth potassium ferricyanide in alkaline solution (Reissert, Ber. 37, 3710) and by 
boiling 2,2-dichloro-3-oxo-dihydro-l,4-benzothiazine with alcohol, wdiereupon a 
benzilic acid rearrangement involving a ring-contraction takers place (Zahn, Ber. 
56, 578). 

When acetanilide is h(>ated with sulfur, bibenzothiazole (III) is formed (Lauth, 
C.r. 121, 1152). 

/Nv /Nv 

(HI) 

Naphthothiazole (Jacobson, Klein, Ber. 26, 2365), 2-aminonaphthothiazole 
(U. S. Pat. 1926932, 1933), benzofl,2,5,4]5is-thiazole (TV) (Bogert, Abraham- 
son. Am. 47, 826), and anthrathiazoles (Green, Perkin, J. 83, 1201 ; Ullmann, 
Junghaus, Ann. 399, 345) are also knowm. 
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The corresponding S(‘leniunfi ring compound, selenazole (V) is not itself known, 
but several dcirivativos of it have been prepared by methods analogous to those 
used for the thiazole derivatives. 2-Methylselenazoline (VI), b.p. 161®, is ob¬ 
tained from ?)w-(acetamidoethyl) diselenide, (CH 8 *(X)-NH-CH 2 *(/H 2 Se) 2 , with 
PCh; it is an oil having an odor like pyridim^ {MicheU, Ber. 25, 3048). 2- 

Iminotetrahydroselenazole, elhylniepsevdoselenovrea (VII), oil, from bromoethyl- 
amine and potassium selonocyanide {Baririger, B(*r. 23, 1003). 


(V) II >CH 
CH~Se/ 


N-=C(CH3)v NH--~C(: NH)v 

(VI) I >Se (VII) ! >Se 

CH 2 - cu/ CH 2 -CH 2 / 


III. FIVE-MEMBERED RINGS WITH THREE 
HETERO ATOMS 
1 . TRIAZOLES 

The following four groups of triazoles can be divided into two 
classes: 

1. Those with adjacent N-atoms: 

HC—N 

I I 

HC NH 

2,1,3-Triazole 
(Osotriazole, f>-triazole) 


2. Those with separated N-atoms: 

N—CH 

11 II 

HC N 
NH 

1,2,4-Triazole 

When the hydrogen on the N-atom in these compounds is not 
substituted, the two members of each group are identical. There¬ 
fore the hydrogen atom, as in the case of the pyrazoles and the 
imidazoles, must be attracted equally by all the N-atoms. Instead 
of the four triazoles shown above, there are only two which exist: 


HN—CH 
HC N 

4,1,2-Triazole 



HC-N N-^CII 

ni ® N ^ N 

V ^ 

(Pellizzari, Atti accad.Lincei [5] 10, II, 297; Dimroth, Ber. 35 , 
1038). 

When there is a substituent on a N-atom, the four theoretically 
possible triazoles can be prepared: 

141 HC-N [31 HC==N N-CH HN--CH 


161 HC N 12] 

Yr 

U1 

1-Alkyl-1,2,3- 
triazole 


2-Alkyl-2,1,3- 
triazole 


H(^ N 

l-Alkyl-1,2,4- 

triazole 


HC N 

\n/ 


4-Alkyl-4,l,2- 

triazole 
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(a) 1,2,3-Triazoles and (b) 2,1,3-Triazoles, Osotriazoles: 


(<I OH- 

j[ %N [ 2 ] anti 

16 ] cn—NH/ 

II] 


14] 

I > 
II] 


NH 12] 


It- is not certain from wiiich form the parent compound of these two groups 
of triazoles and th(^ d(irivatives without substitut3nts on tlie nitrogen are derived 
(see p. 153). 

Methods of preparation: 

(1) By the condensation of hydrazoic acid with acetylene or a-acetylonecar- 
boxylic acids when heated in ethc^real solution {Dirnroth, Fester, Her. 43, 2219; 
Oliveri-MandaJA, Coppola, Atti accad.Lincci [5] 19 (1910), I, 563): 


CH HN,. 

II 4- IN 
CH 



(^) By the condensation of diazomethane with ciutain derivatives of liydro- 
cyanic acid, such as cyanogen chloride, cyanogen bromide, dicyanogi'ii^ and 
cyauoformic ester (Peratoner, AzzareLlo, Atti accad.Lincci |5] 16 (19()7), 11, 
237; Tarnhunilo, MllUizo, ibid., 412; Oliveri-Mandald,, Cazz. 40, 1, 120): 


H2C-=N^ 


N 


UC—Nv 

|H \ 
TTC-N/ 


N 


(5) D(‘rivatives of 2,l,3-triazok‘ an^ obtained from the osazones of 1,2-dioxo 
com])ounds by boiling with acids or liy distillation: 


0 JL.C=-N--NH(VL 

I 

CclUC'—N-NlTCoIL 


lierizilusazone 


CJ[,.C:^N 


Lf, • V/—INv. 

I >N(hn3 
CorT5C=N/ 


2,4,5-TriphenyI- 
2,1,3-triazole 


From the liydrazoxdmi's of 1 , 2 -dioxo compounds by elimination of water 
with acetic anhydrides or PCI 5 (Vol. T, ]). 409). The a-isonitroso derivatives of 
ketone methylphenylhydrazones give 2 ,1,3-triazoles by elimination of methyl 
alcohol {Pechmanm, Ann. 262, 265). If the hydrazoximes are oxidized with N 2 O 4 
or HgO in chloroform, triazole derivatives containing oxygen are formed first; 
these are readily converted to 2 ,1,3-triazoles by reduction or by treatment with 
PClft (Ponzio, J.pr. 57, 160; Gazz, 38, II, 522). 


CH3C=-NNHC6H6 

CHaC-^NOH 


o CHsC-^Nv 
-^ I >NC6n5 




li CH3C=N. 

-> J >NC6H5 

CIl3C-=N/ 


(4) Derivatives of 1,2,3-triazole are obtained from 2,3-dibenzoyl-5,6- 
dimethyl-2,3-dihydro-l,2,3,4-tetrazine wh(^n heated alone or with hydrochloric 
add. After tlu^ benzoyl group has be(*n removed from the l-benzamido-4,5- 
dimethyl-l,2,3-triazole fornKui, the l-amino-4,5-dimethyl-l,2,3-triazole is con¬ 
verted to 4,5-dimethyI-1,2,3-triazole by treatment with nitrous add (Pcchmann, 
Rawer, Ber. 42, 659; Siam, J.pr. 78, 544; Ber. 59 , 1742): 


CH3C:N.NC0C«H5 

CHrirN-N-COCeH, 


HCl 


NHCOCelL 
CH,-C—N 


II >: 

CHa-C— 


HCi.ioo- CILC-N\NH, 
N -+ II 

pressurfi CIL C -W 


N-Substituted 1,2,3-triazoIcs are obtained by the reaction of triazobenzene 
(Vol. Ill, p. 133) and other esters of hydrazoic acid with a-acetylenecarboxylic 
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acid cHtcrs alone or with /3-oxo carboxylic acid ('sicrs in the presence of sodium 
alcoholate: 

(TiWi C’oH.X- CCOJi 

+ III -> I ii 

N^-.N (TKbH i\:N-(:CX),l{ 


+ I 

N -N 


(:dl;,N- ecu, 

I II 

N:N(mU 


Triaz(»hr'nz(me : l-;o adds to inalonic esters, cyanoacetic est{'rs, j)h{'n\'l;teeti(' isst(‘rs, 
phenylacetonitrile, and to ac(d.ic and proinonic acid esters and to ketones, to 
Kiv(? 5-hydroxy- and 5-aiuino-l,2,5-triazoles [Dimroth, Her. 35, 4041 ; iJuuroih,, 
Frisoni, Mdrshall, B('r. 39, 3920). 

Wli(‘n triazobenzeiK' is l)oiled with sodium ethylate or liornologoiis aleoholatc's 
in alcoholic solution it, forms 1-phejivl-l ,2,3-triazol(‘ or 1-i)henv'l-4-alkyl-J ,2,3- 
triazoles: 2Cyi.-,N, (:iI.vrn,ONa = (’«H;All 2 + (V,!!., 4 NaOII + 

Ni»; the alcoholat<‘ is dehydrogenated to the enolate which reacts witli the second 
triazohenzene molecuk* (Hcriho, J.pr. 119, 173), 

By th(^ n'action of hydrazin(‘S, s(‘micarl>azid(‘s, or hvd?*oxy]ainin(‘s with 1,2,3- 
oxadiazoles {diaztianhydridfts, p. lt)5) {Wolf), Ann. 325, 152; W’oiff, Hall, Her. 
36,3012): 


BO.,(T1:C((dIj)v 

I >) 

N V --N^ 


NIOX 


I 

N 




By the d(‘conipositi(3n of benzotriazok's (azimidolx'nzenes) substituted on (he 
nitrogen {Zinrkc, Ann. 311, 270; 313, 251). 

Hehariar. 1,2,3-and 2,1,3-"rriazoles are mostly weaklv basic litiuids with an 
alkaloid-lik(‘ odor whi( li distill undecomj)os<‘d. 3’he iinnu' hydrogiMj is easily r(‘- 
placi'd by metals, ddie triazok' ring syst(‘m is very stabhy ('Specially to oxidizing 
ag('nts. 7'hus, (he pla'iiyl group of 2-phenyl-2,lxd-triazole can be split otT aft(‘r 
amination by simple oxidation, and (balkyl (riazok'S ar(‘ oxidiz('d by KMnO^ (o 
(riazok'carboxylic acids, ddiis stability, as wi'll as th(‘ diazotizability of th(‘ ('- 
amino derivativt‘s, indicaU* similarity to the aromatic ring systi'ins. 

(31 Nv 

1,2,3-Triazole or 2,1,3-triazole, osotriazole, e-triazole, I H \N, m.p. 23°, 

ClI; 

b.p. 204° (739 mm.), hygroscopic. Silv(‘r nitrate precipitates a silver salt,, 
(tafloNaAg, and benzcyyl chloridi' giv(‘s the (xisily decomp<t,sed benzoyllriazok;, 
m.p, U)()™102°. The triazok' is prei)a.red: (/) from acadylene and hydrazoic 

arid; {2) from its carboxylic acids (s(M‘ below) by )a;atiiig; iS) from N-a,mino- 
triazok^ with nitrous acid. 

C-Phenyl-1,2,3(or 2,1,3)-triazole, m.p. 144°, from its carToxylic acid. 4,5- 
Dimethyl- and 4,5-diphenyl-l,2,3 (or 2,1,3)-triazole, rn.p. 70° and 138°, from 
tin; corresponding 2-amino-2,l ,3-!,riazok's with nitrous a(*id; the first compound 
is also obtained from 2-j)henyl-4,5-dini(‘i,hyl-2,l ,3-triazole. 

1-Phenyl-1,2,3-triazole, m.p. 56°, from acetylene and triazoh(;nzene {Dimroih^ 
Fester, Ber. 43, 2222). 1-Phenyl-5-methyl-l,2,3-triazole, m.p. 64°, and 1,5- 

diphenyl-1,2,3-triazole, m.p. 114°, are obtained by heating their carboxylic acid 
derivatives. 

1 - Methyl-5-chIoro-l, 2,3 -triazole, liquid, and 1 -phenyl-5-chloro-l, 2, 3-triazole, 
m.p. 50°, arc prepared from 1-methyl- and 1-phenyl-5-hydroxy-1,2,3-triazole- 
(‘arhoxylic acid eah'rs by treatnient wiih PCIs, saponification and decarboxylation; 
the chlorine atom is easily replaced. 

1 -Phenyl -5 -methyl -1 ,2,3-triazole-4-carboxaldehyde, rn.p. 52° ; semicarbazone, 
m.p. 227°. l,5-Diphenyl-l,2,3-triazole-4-carboxaldehyde, m.p. 105°; semi¬ 
carbazone, m.p. 224°; oxime, m.p. 176° (Hojahn, Trieloff, Ann. 445, 296). 

2- Methyl-4-chIoro-2,l ,3 -triazole, b.p. 63° (32 mm.), and 2-methyl-4-bromo- 
2, 1,3 -triazole, b.p. 03° (39 mm.), from diazomethane and cyanogen chloride or 
bromide, explode over 2(k)° {Tamburello,Millazo, Attl accad.Lincci [5] 16 (1907), 
11,412). 
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2-Phenyl-2,1,3-triazole, phvnyhmtriazole, b.p. 224'*, from if,s carboxylic acid 
or from Kly»>-'^idosotetrazon(;; 2 -phenyl -4 -methyl-2,1 ,3 -triazole, b.p. i50° (bO 
inm.), from rnethyIglyoxal; 2-phenyI-4,5-dimethyl-2,1,3-triazole, b.p. 192® (60 
riirn.), from dimoihyl^i^lyoxal; 2,4,3 -triphenyl -2,1,3 -triazole, m.p. 122'', from 

{A'inrrrs, Mvycr, Her. 21, 2806). 

2-Phenyl-2, 1,3 -triazole -4 -carboxaldehyde, m.p. 70°, is obtained from its 
oxinK‘, rn.p. 115°, which is 1h(‘cond(‘nsafion })r(>duct of the ph('nylhydrazon(‘ of 
nu‘soxa]d(4iyde di()xime, (H()N:(’H) 2 C: NNH ("eHs; by elirnimitio?! of water 
tli(‘ aldoxinu' forms 2-phenyl-4-cyano-2,l,3-triazole, m.p. 94°. 

l,2,3(or 2,1 ,3)-TriazolecarboxyIic acids are prepansl; il) from rY-acetyUin<‘- 
carboxylic aeids and hydrazoic acid; ^{2) from C-alkyl triazoles by oxidation 
with p(‘rmaM^:anate; and (3) from N-phenyf-2,1,3'triazol(‘-and 1,2,3-triazoIecar- 
hoxylic acids by oxidative splitting oil of the phenyl group after nitration and 
reduction. 

J,2,3for 2,1,3) -Triazolecarboxylic acid, m.p. 219° (doc.), fiom propiolic acid 
and liydrazoi<* a('i(L fr()m 2-ph(‘nvl-2,l ,3~triaz()l4-cari)oxylic aend (s(‘e below), 
from 1-phenyl-1,2,3-triaz()le-1- and 5-carboxylic acid, and from Rz-hydroxy- 
tri(;hlorobcnzotriazole by oxidation. Its nitrile, m.p. 114°, is produced in the 
condensation of dicyanogen with diazomethane (Vol. 1, p. 252). 2-Methyl- 

2 .1.3- triazole -4 -carboxylic acid, m.p. 142° [Peratonevy Azzarello^ Atti accad. 
Ivincoi [5] 16 (1907), II, 237]. C-PhenyI-1,2,3 (^or 2,1,3)-triazole-C-carboxylic 
acid, m.p. 206° (dec.), from phenvlj)ropiolic acid and NdL 2 -Phenyl -2, 1,3- 
triazole -4 -carboxylic acid, m.p. 192°, is prepan^d by oxiclation of 2-phonyl-4- 
inethyl-2,l,3-triazol(S when reduced it decomposes to hydrocyanic acid and 
phenvlliydi'iizinoacc'tic acid. 

J,2,3(or 2,1,3) -Triazole-4,5-dicarboxylic acid, m.p. 200°, d(^cormx)sing into 
f'Ov and triazole; it is formed from acetyl(‘T»edi(!arb()xvli(‘ acid and NJI, and by 
oxidation of bonzotriazole and methylhenzotriazole {Beretta, Gazz. 55, 788), of 
l-(4'-aininophenyl)-l,2,3-triazoledicarboxylic acid and of C-methyl -1 ,2,3 
(or 2,1,3) -triazole-C-carboxylic acid, m.p. 220° (dec.), whose ester is obtained 
from acetoacetic ester diazo anhydride (p. 165) by boiling with alcoliolic am¬ 
monia {Bhidiri, Ber. 26, 2736). 2-Phenyl-2,l ,3-triazoIe-4,5-dicarboxylic acid, 
rn.p. 236°, fi’om 2-phenyI-4,5-dimethyl-2,l ,3-triazole, is readily converb^d to an 
anhydride, m.p. 184°. 

l~Phenyl-5-methyl-l,2,3-triazole-4-carboxylic acid, m.p. 148°, from triazo- 
b(‘nz('ne and ac.etoacidir; i‘st(‘r, is converbui by hcxiting to 1-ph(myl-5-methyl- 

1.2.3- triazole, which can be oxidized to 1-phenyl-1, 2, 3-triazole-5-carboxylic acid, 
m.p>. 176° (dca*.). 1-Phenyl-J ,2, 3-triazole-4,5-dicarboxylic acid, m.p. 150°, is 
f)repared by oxidation of 1-phenyI-5-methyl-l ,2,3-triazolc-4-car’boxylic ac'id, 
coiidf'risat ion of acetyhmediearboxylic acid e.ster with triazobenzene, and oxidation 
of 1-phenylbenzotriazole(}uinones; when heated it yields 1-phenyl-1, 2,3- 
triazole -4 -carboxylic acid, m.p. 151°. 

Idle C-hydroxy-1 ,2,3(or 2,1,3) -triazoles are closely rt‘lat.(^d to the diazo- 
carboxylic acid amid(‘S, from which (hey are obtained by treatment with alkjdi, 
or (jven by fusing or by heating the solutions: 

N~-N N -Nv 

II ,NH,-> I II >N 

(’H—cii(.;(oii)/ 

Diazo.'ifctamidc C-Triazolol 


N--N N----Nv 

II -> I H >N 

ROjC • C—c:0 HO-C: ■ C ■ 0(011)/ 

Diazomalonamio arid eater OHydroxytriazole-C- 

carboxylic acid ester 


This reaction is reversible, the triazolols being converted more or less com¬ 
pletely, by fusion or by warming their solutions to diazocarboxylic acid amides or 
their decomposition products. The velocity of the isomerization is dependent on 
the substituents; it takes place r<j*'idily with the hydroxy triazolecarboxylic acid 
esters, and most readily with their N-arjd derivatives {JJiinroth, Ann. 373, 336). 

The hydroxylriazoles are strongly acid compounds, which couple with diazo- 
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niura salts to give hydroxyazo dyes, and react with nitrous acid to form nitroso- 
triazolols, which may have the struct ure of isonitrosotriazolones. 

C-Triazolol or tautomeric oxo- forms, m.p. 130° (dec.), see p. 149, and from 
its carboxylic acid eater (see below) by saponification and decpboxylation. It 
is stable to alkalis, f>ut when boiled with acids it decomposes to nitrogen, ammonia 
and glycolic acid, probably after preliminary rearrangement to diazoacetamide 
(CurtiuSf Bockniuhl, Bor. 43, 2441). l-Phenyl-l,2,3-triazol-5-ol, tautomeric 
with l-phenyEI ,2,3-triazoI-5-one, m.p. 119°, from triazobenzene and acetic ester 
and from i<,s carboxylic acid (see below) by merely warming with wat{*r. Perman¬ 
ganate oxidiz(\s it to oxanilic acid, CelloNll-COCOOH. Nitrous acid converts 
it to the unstable yedlow 1 -phenyl -4 -isonitroso-b-triazolone, dec. 195°, some of 
whoso salts exist in various colored modifications. 1 -Phenyl -4 -benzoylisonitroso- 
5-triazolone, m.p. 133°, n^arranges to 2-phenyl-2,l ,3,4-tetrazolecarboxylic acid 
(p. 173) (IHniroih, Uiensibarh^ Her. 41, 4055). 1 -Phenyl-4-methyl -1,2,3- 

triazol-5-ol, tautomeric wit h 1 -phenyl-^1-methyl -1 ,2,3-triazol-5-one, from metlod- 
malonic esU^r, a-m(;thylacetoa(‘etic (^ster or propionic acid ester witli CelENa and 
sodium aicoholate, is oxidized by KMn 04 to p 3 u*uvic acid anilide, CelUNH-- 
COCOCH 3 . 1,4-Diphenyl-1,2,3-triazoI-5-ol, tautomeric with 1,4-diphenyl- 

1.2.3- triazol-5-one, m.p. 151°, from triazobenzcnie and phenylacetic acid ester. 

Methyl C-hydroxytriazole-C-carboxylate or tautomeric forms, m.p. 143°, by 

heating l-dinitroi)henyl-5~hvdroxy-l ,2,3-triazolecarboxylic acid ester with alco¬ 
holic ammonia. When fiisful or hoik'd with ak^ohol it rearranges in part to diazo- 
inalonainic acid (;stcr, from which it can also be fornKsl l>y the action of sodium 
ethylate; amide, m.p. 19(>°, from t-riazolxmzene and malonamide by elimination 
of .^Ailine, is converted by fusion to diazomalonamkk', NoC(C()NH 2 ) 2 . 1 -Methyl- 
an<' l-phenyl-5-hydroxy~l,2,3-triazole-4-carboxylic acid methyl ester, tautomeric 
with 1-methyl- and 1 -phenyl-1, 2, 3-triazol-5-one-4-carboxylic acid methyl ester, 
m.p. 136° and 74°, from triazomethane and triazols'iizemi and malonic ester 
(Dimroik, Ann. 335, 1 ; 338, 143). 

C-Amino-l,2,3(<>r 2 , 1,3)-triazoles are prepared by condensation of iriazo- 
benzene with cyanoaccMie esb^r and Ix'nzyl cyanide and by the reaction of chloro- 
triazoles with ammonia or ainimis. The aminot-riazoles with unsubstituted 
nitrogens have acid ]nup(?rlies. With nitrous acid tlaw give diazo derivatives 
which (iouplc in the ordinary way. Ti)e (’-aniinotriazok.'s, like the C-hydroxy- 
triazolcs niarrange readily. 1 -Phenyl-r)-amino-l ,2,3-triazole, m.p. 110 °, from 
l-ph(myl-r)-chloro-l ,2,3-triazole with Nils, rc'arranges, when fused, to C-anilino- 
l,2,3(or 2,1,3) -triazole, m.p. 139°. Similarly, 1 -phenyl-5-methylamino-l ,2,3- 
triazole, m.p. 102 °, when i)oile<l with pyridine isoinerizes to l-methyl-5-anilino- 

1.2.3- triazole, m.p. 172°. 


HC:C(NH2)v 

I >NCcTl,, 


HCC(NlICcTE)v 
I 11 >N 
N-N/ 


HCrfXNHOIElv 

I >nc:6H5 


N-- 


IIC:C(NHCJl5)v 

I >NCH, 


Although thes(‘ reiu rangements are not revt'rsible, 1 , 4-diphenyl-5-amino-1 ,2,3- 
triazole, m.p. 179° (from triazobenzeme and benzyl cyanide), and C-phenyl-C- 
anilino-1 ,2,3(or 2,1 ,3)-triazole, m.p. 167°, isomerize to an equilibrium mixture 
containing both compounds when fused or boiled with pyridimi. 1 -Phenyl-5 
amino-1,2,3-triazole-4-carboxyUc acid ethyl ester, m.p. 126°, from triazobenzene 
and cyanoaccdic Ovster, and C -aniline-1,2,3(or 2,1,3) -triazole-C-carboxylic acid 
ethyl ester, in.j). 130°, form a similar equilibrium mixture. The corresponding 
acids, m.p. 142° and 153°, yield the same C-anilinotriazole (see above) wlien de- 
carboxjdated bj- fusion {iJimroth, Ann. 364, 11<1). 

2-Phenyl-4-methyl-5“ammo-2,1,3-triazole, m.p. 83°, is formed from the di- 
(phenylhydrazone) of pyTUvic add amide, C WfiNHN ; C (NH 2 ) C (CH,) : NNHCeH6 
(Bamberger^ dr Gmgterf Her. 26, 278^1; Jagerspacker, Her. 28, 1283) ; it forms a 
diazo derivative which, when boiled with wat(*r, gives 2-phenyl-4-methyl-5- 
hydroxy-2,1,3-triazole, m.p. 141°, and, when treated with potassium cyanide- 
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c()j)ix^r cyanide, 2-phenyI-4-methyl-r)-cyano-2,l ,3-triazole. 2 -Phenyl -4,5 -di- 
amino-2,1,3 -triazole, ni.n. 143°, from the phenyihydrazune of oxamido-oximo, 
(/fiflsNH NrCtNlL) ('(NHa) iNOII, is similar in many respectAS to (he aromatic 
diamines: with Jerric chloride it. forms a blue dyestuff of the azine type and with 
o-diketoncs it yields compounds analoj^ous to quinoxaline. It. does not form 
anhydro bases. Nitrous acid converts it to a at^ible diazo compound which 
reacts with sodium acetate to form pheni/losotriazoleazimidef 2-phenyl-v4na,zolo[d\ - 
v4riazole: 


nil 

I >N 

The latter readily decompoKses to the diazo compound ((;f. Thiele^ SchLeussner, 
Ann. 295, 129). 

N-Amino- arid N-hydroxy-1,2,3-triazoles. l-Amino-5-methyl-l,2,3-triazole, 
m.p. 70°, from its carboxylic acid, whidi is prepared from the condensation 
product of acetoacet.ic estc^r diazo anhydrides with semicarbazide by saponifica¬ 
tion {Wolfft Hall, Her. 36, .3t)12). I-AniUno-5-methyl-l,2,3-triazoIe and its 
f^arboxylic acid an; formed from acetoacelic (;st(;r diazo anhydride with phenyl- 
hydrazine (Wolff, Ann. 325, lAO). l-Hydroxy-5-methyl-l ,2,3-triazole-4- 
carboxylic acid, diu*. 205°, is a dibasic acid ; its (\ster is obtained fn)m acet.oacetic 
ester diazo anhydride with hydroxylamim'; oxidation converts it. to 1-hydroxy- 
1,2,3-triazole-4,5-dicarboxyIic acid, whieh is also formed by oxidation of 1- 
liydroxybenzotriazole (p. 152) (Wolff, Ann. 325, 102). 


(c) Benzotriazoles 

Tlu' bityclio rin^' sysltun of benzot.riazolt; consists of a luaizt'iie ring and a 1,2,3- 
or 2,l,3-triaz()Ie ring (p. 147) having two adjacent carbon atoms in common. 
The difficulty in assigning a single structural formula to N-unsubstitutitd triazolcs 
(p. 147, 153) is carried over to the N-unsubstituted benzotriazoles. For the 
parent (jompound the following thr(;e formulas are possible: 


1 


N l-’l 

l\/N I2| 

NIH 

II 

(Also azimidobenzene) 


[41 N 181 

\ 

Nil 12] 

./ 

Nin 

II (Also pseudo- 
a zimidobenzene) 



[4] N [31 

NH [2] 
I’l N Ul 


III 


(i) N-Unsubstituted benzotriazoles are prepared from aromatic o-diamines 
and nitrous acid: 


CeH 




CeH 



N 


Benzotriazole, azimidohmzcna, m.p. 98°, Isomeric with (riazobenzene. 5(0)- 
Methylbenzotriazole, azimidotoluene, m.p. 83-84°, from toluenediamine by the 
same method. Platinum chloride double salt (Noelling, Abl, Ber. 20, 3001). 

(2) N-Substituted benzotriazoles can be obtained according to method (!) if 
monoalkyl-o-diamin(;s are reacted with nitrous acid. From their method of 
preparation the compounds so formed must be derived from formula I (Bietzki, 
Haillard, Ber. 31, 1460): 



NHj 

NHR 


HONO 
-> 


/N=NOH 

Cell/ 

^NHR 
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Wfion IIhto is one substituent on the benzene ririp;, this reliction produces two 
isomers {Zinckey Ihlmvrly J.pr. 53, 05), which is addid evidence that they are 
derived from 1-benzotriazole (formula T). 

{3(i) N-Aryl-ben/otriazol(\s derivi'd from formula 11 or III ('jismidoazimido- 
benzemO an* prepannl from o-aminoazo compounds by oxidation with chromic 
acid in ac(‘tic acid solution (Kehrrnann^ Mensingcr, J^er. 25, 901; Witt, Schmidt, 
Her. 27, 2374; Witt, B(t. 45, 2383) or, in many cases, nu'rely by heatiii)^ in hi^h- 
boiling (over 155‘') sulventvS in the presence of copjier iiovvder {Cnppa, Oazz. 55, 
70f)): 

/Nil, () .N\ 

CeH/ -> Cfjl/ I >N > Cells + H.O 

\N--N-06115 


{3b) • N-Arylbenzotriazoles of the sam(‘ type are formc'd by can'ful iHjduction 
of o-nitroazo- or o-nitrohydrazo compounds with sodium sulfide or sodium hydro¬ 
sulfite {WUlgirodt, Klein, J.pr. 60, 104; Werner, Stuisny, Ih'r. 32, 321)0). The 
intermediate products thus formed are converted to benzolriazoh'S by stronger 
reduction with SnC^, and ITCl \ Banihergrr, Hu'nier, Bit. 36, 3822; cf. Chakra- 
varly, Dntt, J.Indian Chein.Soc. 5 (1929), 555J : 


/NO, 

Cell/ 

NN:NC6H5n 

/NO, 

c\u/ 

NNHNITCelU 


O 

II 

^N. 


C,Il4<^^^NC6lE 



NC.IT 


5 


Properties .—In behavior biaizotriazole resembles naphthalene. l^iMizotriazoh'S 
substituted in the 5(0)-position behave like 2-substituted napiithalenes in 
bromination, nitration and coupling W'ith diazoniurn salts {Fries, Sndhoff, Brett- 
schneider, Ann. 454, 121). The benzotriazoles an; viay resistant to liydrolyzing 
agents (nuneral acids) even at high temperatures. Most of tlu m can be distill(‘d 
at atmosplieric pri'ssure without decomposition. Rtrong oxidation d(*st.roys the 
benzene ring, leaving triazoledicarboxylic acids. Thi^ benzot riazoU's wut h no sub- 
stitiKHits on the nitrogiui are decidedly acid, forming salts w ith sodium hydroxide 
and other met al hydroxid(\s. By means of th(‘se salts a series of alkyl groups can 
be substituted on the nitrogen. The N-substituted benzotriazoles add one molec¬ 
ular proportion of alkyl halide, forming quaternary bimzothiazolium compounds. 

1-Phenyl-O-ethoxybenzolriazole, m.p. 108°, is imeric with 1-phenyl-5-ethox>- 
benzotriazole, m.p. 99° (Zincke, Hilrnert, J.pr. 53, 97). l-Tolyl-6-methylbenzo- 
triazole, m.p. 95°, from o-aminoditolylamine {Tauber, Ber. 25, 1023). Its 
isonuT, 2 -tolyl -5 -methylbenzotriazole, m.p. 120° {Zincke, Bit. 18, 3143). 2- 
Phenylbenzotriazole, m.p. 109°, from o-aminoazobenzene by method 2 (p. 151). 
For the oxidative degradation of these benzotriazoles to lriazole-4,5-dicarboxylic 
acids (p. 149), mu Zincke, Petermann, J.pr. 58, 244. 

1 -Hydroxybenzotriazoles, the ben: a imidt.ls, are oVitained from o-nitrophcnyl- 
hydra-ines with alkali: 


. c.n.<^>N 

Ah 

1 -Benzotriazolol, henzazim.idol, m.p. 157°, is a rather strong acid; reduction with 
HI gives benzotriazole, and oxidation yields 1-hydroxy-1,2,3-triazole-4,5-<iicar- 
boxylic acid. 

NAPHTHOTRIAZOLES have also been prepared; cf. NoeUing, Grandmaugiri, 
Freimann, Ber, 42, 1380; Charrier, Atti accad.Lincei [6] 4 (1927), 312. For 
acenaphthotriazoles, see Charrier, Beretia, Gazz. 55, 745. 


yNHNHx 

Cell/ 

Nn02 
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(d) 1,2,4-Triazoles and (e) 4,1,2-Triazoles 


14] N-|r-~CII [3] 


[4] HN-CH [3] 


[6] HC N f2] 

v/ 

NH 

[1] 

(also called s-iriazoles) 


[6] HC N [2] 
Ul 


11 is not eertnin from whiel) form the parent compf)und of th(‘se two groups of 
tria'^.ohis and tla* derivatives willioiit substituents on the nitroge/i are derived (see 
p. 147). Tlie structure of the N-[)henyI derivatives is apparent from their syn- 
tlu'sis. 

Metho(h of Preparation, {1) Ihplrazidines or arnii Ira zones (Vol. Ill, p. 310), 

.NNHs 

JlC<f , are eonvcTted by (‘arboxylic acid anhydridi^s to acyl derivatives 

\NHo 

which condenses to triazol(‘s b}^ elimination of water: 


(I) 


.N-NIL 

RC<f 

^NITCOCIL 


RC< 


/N—NH 

f I 

\N--CCH3 


or 



.NNHCJT5 /N—NC6H5 

(Tl) RC<f -> RC^<f I 

\NHCOCH, '^N=-CCH3 


The liydrazidiiK's r(*act similarly with al(l(‘hyd(‘S and ket(*nes. 

In this way t.riazoles were first prepansl by lUadin (lh‘r. 18, 1514; 25, 18.3) 
from acid derivative's of the phenylhvdrazone of cyanofornwniide, ('N -(.'(NH-y) 

.NNTL 

NNHCfiHft; compounds such as ami?/oo//o/ae/f//c, TTaNCe^ , and ot-amino- 

\NH2 

.NNHC^flHs 

a-phenylhydrazonoacctonef CllzCOC<!^ , condense similarly {Thiele^ 

^NH2 

Heidcurcichf Ber. 26, 2508; Pinner, Ber. 27, 080; Pinner, Caro, Ber. 27, 327.3; 
Thiele, Manchot, Ann. 303, .33). 

(2) Aeylihiosrmirarhazides, IIS-CTNITs): NNIK'OR, are ce)nvertcd to 
triazoh^thiols when h(‘at(Hl over tluMr melting p ^ints; th(‘ ryuncaptans can be oxi- 
di'’(‘d to triazol(‘S [Freierul, B(U'. 29, 248.3; Johnson, ;V/c/?{ 7 c, Am.Chem..!. 32 
(1004), 15051: 


HSC=-NNH 

I I 

ILN CHO 


IIS • =Nv HS • c::=N\ 

I ^NH or I >N 


N-^CIL 


NIICIF 


HS • C=N • NH HS • C=N\ 

(11) I I -> I >N 

RHN CHO RN—CH^ 


is) When acid amides are heated with acid hydrazidvs, or, more simply, acid 
amides (2 mols) with hydrazine h^^drochloride (1 mol), triazoles are obtained, 
apparently aft(u- intermediate formation of acylhydrazidines (Pellizzari, Gazz. 24, 
II, 222; Pellizzari, Alassa, Gazz, 26, II, 413): 


/NHNIL 

(I) HC< + NILCHO HC 

"^NCHO 


/NHNIL /NH—N 

< - CH< 11 or 

-Cl 


HC/ 


5H 

•N-N 


/NHNH, 

(II) HC< +NH(C.H,)CHO 


^NH—IlH 

N-N 

Hc/ 11 

\N(C,H.)-CH 
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Mono- and diacylbydnizines whni heated alone yield N-ajninotria,zol(\s, which 
loHo th(' arnino group as nitrous oxide on treatment with nitrous acid: 


2CIT3CON1IN1T2 


-2lhO yN-™- N 

-> CHaC/ II 

\N(NU2)-(.^*CH3 




■N 

il 

NH—CCII, 


{4-) lhid(‘r very mild conditions .s-triazoles an‘ fornied hy 1 he action of diacet- 
arnide or its honioiogues on sianieaibazide hydrochloridi; in aijueous solution in the 
presence of sodium acet.ate (Bruruur, Mo. 36, hOO; reaction ineclianisin: Bru/n- 
ncTt iMcdwcthf Mo. 47, 741). » The synthesis follows tiiis course: 


CllaCO 1IN(^0NTT2 

I 

Nil + 

Cllj-io lEN 

N-CO-NIE NIE 


-IlsO 


Clla-C—NCT)NH2 


N 


I . 

CIIa-O-N 


CII 3 C—Nil 


N 

CH3-('j=-N 


+ n2NCONII 


N 

I , 

CII3.C--N 


HiNCONH 

+ I 

H2NCONH 


This method can also hc' used for N-substituted 1,2,4-triazoles, since phenyl- 
hydrazine hydrochloride can be us(‘d for t-lui hydrazine c.omponent. 

(5) Tria.zol(‘s are synthesized fiom H-dincylhydnjzlfics and zinc arnnioniimi 
chloride or primary amiiu's; b(h^ the analogous syntlK‘sesof l,3,4-o\'adiazolesand 
tliiadiazoh‘s (f)p. i03, 166) and the gmaa’a! (M|uation for azole syntheses (]>. 90) 
i>Sto(ld, B('r. 32, 797; Jiusch, ScliNcidrr, J.pr. 8 Q, 319; Ildlrr, j.})r. 120, 62): 


NH-COCH 3 Nils 
NH-COCII 3 


N--~-C((:iT3)v 

I >NIT 

N--C((TT3)/ 


Closely related to this react ion is that of hydrazide chlorid(\s: 


N-^CCKCeHc) 

N:=CCl(C6n5) 


wdth ammonia and [irimar^y aminiis, wdiich takes })lacc at loW'er tempej-atures 
J.pr. 73, 27S). 

(6*) 'I'riazoles an' ohtaim'd from triazolones and urazokiS (p. 158) by distilla¬ 
tion witli PaJS.',; triazoie diu'ivatives containing sulfur are formed as intermediate' 
products {Avdreocci, Per. 25, 225; Bcllizzafiy (Uniro, Ann.chiin.farm. 1894, 260; 
PvLlizznriy Ferro, (Jazz. 28, 11, 541): 


-NH\ 

1 >NC, 

N—.(VOlIs)/ 




CO 

N—:(^(Cll3)/ 

riienylmel hyltriaziolone 


IVSs 


CIP- 


:^N. 


)>NC,H5 


N=^C(CH,)^ 

l-Phenyl-S-methyltriazolc 


Triazolones and PClf, give chlorotriazoles, which are converted to triazoles by 
reduction. 

(7) N-Aminotria.zol('S are formed by rearrangement of N-dihydrote'traziries: 


N=CTI -Nil 
NH~C11--N 


N--CH—Nil 

I I 
n--cii~-nh 


N=CHv 
' >N.NTT2 




With dihydrotetrazine itself, this rearrangemt'iit takes placf3 on fusion, but in 
other cases heating with aqueous or aleoholie hydroehlejric acid or concentrated 
afpieous alkali is necessary. 

He/mvior .—The 1,2,4- and 4,1,2-triazoles are, like the other triazoles, only 
slightly basic (Dedichen, Per. 39, 1849). The platinum chloride double salts 
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behave like those of the pyrazoles (p. 92; Pellizzari, Afasm, Gazz. 26, 11, 417). 
'rhe imine hydrogen ean he replaced by metals. C-AIkyl-l,2,4- or -4,1,2-tri- 
azoles oxidize to triazolecarboxylie acids; the ring is n^sistaid, U> oxidation. The 
{)henyl group in .the N-phenyItriaz<>l(‘s, (‘specially aftcT aminalion, can be re¬ 
moved by oxidation. 

N ('llv 

l,2,4(or 4,1,2)-TR1AZ0L'E, .s-triazole, | H m.p. 121 ", b.p. 260“, 

N ~(TK 

is a weak base; its platinum doubles salt, (C 2 H 8 N 3 .H('l) 2 PlCl 4 , loses 2HC1 when 
heated; nitrate, m.p. J.'J<S°; C(>j)p(‘r salt, ((' 2112 X 3 ) 2011 , from a solution of tri¬ 
azole with coppc'r sulfate. The .s-triazol(‘ is prepared: (1) from formamide and 
formic acid hydrazidc'.; (2) from urazolc; (p. 158) witii P 2 S 5 ; (3) from N-amino- 
triazole with N 2 O 3 ; (4) from its carboxylic acid {Thiele, Mavchot, Arm, 303, 55); 
{5) from triazolethiol by oxidation with II 2 O 2 {Freund, Bt^r. 29, 2485); and {6) 
from 1 -phenyl-1,2,4-triazole and from 4-phenyl-4,1,2-triazole by oxidative re¬ 
moval of the phenyl group*(P(’//r 22 an, Atli accad.Lincei f5{ 10, II, 297). 

C-Methyltriazole, m.p. 94 ", from l-plamyl-d-metliyl-l,2,4-triazole by removal 
of the f)henyl group {Andreocci, B(t. 25, 225). C-Phenyltriazole, m.p. 116", 
by rc^duct ion of N-ph<'nylbromotriazole wit h sodium amalgarr> {Manchoi, Her. 43, 
1515). 5,5-Dimethyltriazole, m.[). 142°, b.p. 159° (19 mm.) (by method 4* 
p. 154). 5,5-Diethyltriazole, m.p. 66", b.j). 267°, from S('micarbazide hjnlro- 
chloride and dipropionamidc' {(Iriiner, Iiene}<, Schubert, ArttinN, Mo. 48, 37). 
3,5-Diphenyltriazole, m.p. 192°, from sernicarbazide liydrocbloride and dibenz- 
amide {Wolchowe, Mo. 37, 476), and 3,5-difuryltriazole, m.p. 185°, are also pre¬ 
pared from the corresponding N-aminotriazoIes by m(‘thods J and 5. The 3,5* 
diphenyltriazole is also formed by tb(‘ action of acids on benzal-a-isonitnxso- 
benzyliiydrazine, C«Hr,C(: N(.)H)NH-N iCHGeHo {Wielaud, Ber. 42, 4200) 
and from G-j)luaiyltetrazole ([). 172) by heating. 

4 -Phenyl-4,1,2-triazole, m.p. 121°, from formic arid liydrazide tind formani- 
lide (V"ol. Ill, j). 88), lias a physiological action similar to strychnine {FelliZ'- 
zari, MdHsn, Atti accad.ldncei |5) 10, J, '3iV3) . 4 -Methyl-4,1,2-triazole, m.p. 

121 °, from formic acid hydrazid(' and methyl formamid(‘, and from its nKU'captan 
with U 2 O 2 (s('(‘ below). 5,4 -Diphenyl -4,1,2 -triazole, m.p. 142°, from its mer- 
captair {Marekwald, lioti, B<‘r. 2Q, 2919). 3,4,r)-Triphenyl-4,l ,2-triazole, m.p. 
292°, from dibenzoylhydrazin(‘ cliioride (Vol. Ill, p. 307) and anilin(‘. 

1-Methyl-1,2,4-triazole, m.p. 20°, b.p. 183°, from the sodium salt of 1,2,4- 
tri'az()l(‘ and methyl iodid(‘, and from formylmetliylhydrazine and formamide 
{PeLlizzceri, Soldi, Gazz. 35, I, 373). 1-Phenyl-1,2,4-triazole, m.p. 47°, b.p. 

266°, from its carboxylic acid (p. 157). l-Phenyl-5-methyl-l ,2,4-triazole, 
m.p. 191 °, from its carboxylic acid. 1 -Phenyl-3-methyl-1,2,1 -triazole, m.p. 87 °, 
b.p. 274°, from phenylmcthyltriazolone with P^Sr, (for its formation from ben- 
zeneazoacetaldoximo N-nmthyl (dher, Vol. Ill, j). 163, by elimination of 
water, see Bamberger, Frei, flc'r. 35, 7.52). 1,3-Diphenyl-1,2,4-triazoIe, m.p. 

97°, from formylbcnzamide, CoHjCONH-GHO, and jdumylhydrazirie {Einhorn, 
Ann. 343, 229). 1,5-DiphenyI-l ,2,4-triazole, m.p. 91°, from 1 ,5-diphenyl -3- 

chlorotriazole witli hydriodie acid and plu).s])horus. 1,3,5-Triphenyl-l,2,4- 
triazole, m.p. 104°, from benzonitrile (2 rnols), phenylhydra/ine (1 mol) and 
sodium; in this reaction a hydrazidine, Ceflr.CfNH)XCC/BHr,) • N:C(NH2)C6H5, 
is apparently fornunl first. Substitiitc'd ph(‘riylhydrazim‘B and benzonitrile 
react similarly {Walther, Krumhiegcl, .T.pr. 67, 481). The triphenyltriazole is 
also obtained fnan dilxmzarnide and iduaiylhydra/ine hydrochloride (method 
4, p. 154, and Wolchoiee, Mo. 37, 479). 1-Phenyl-3,5-diethyl-l ,2,4-triazole, 

m.p. 38°, and other 3,5-dialkvltriazol(‘s: (huner, Benes, Schubert, Arman, Mo. 
48, 37. 

HALOGEN DERIVATIVES of 1,2,4(or 4,1,2)-triazoles are prepared by heat¬ 
ing triazolones with PGh and POOL at (devated bmiporatunis and by the action 
of hydrogen halide acids on the diazo compounds of amino-1,2,4(or 4,1,2)-tri- 
azoles. The halogen is bound as firmly as in chlorobenzene, and is removed only 
by treatment with HI and P. C-Chloro-, C-bromo-, C-iodo-s-triazole, m.p. 167°, 
189°, and 208°, and C,C-methylchloro-s-triazole, m.p. 147°, from the diazo com¬ 
pounds of the corresponding ami no triazoles {Manchot, Noll, Ann. 343, 9). 1- 

jPhenyl-5-chloro-«-triazole, m.p. 54°. 1,5-Diphenyl -3 -chloro-s^triazole, m.p. 
96°. 1-Phenyl -3, 5-dichloro-«-triazole, m.p. 94° [Cleve, Ber. 29, 2671; Andre- 
occi, Atti accad.Lincei [5] 6 (1897), 217]. 
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For hydroxy-triazoles, see under Iriazolont's. 

TRIAZOLETHIOLS, from acyllhiosemicarbazides (method ^), are converted 
by mild oxidalion to disulfides and by strong oxidation to triazoles. Triazole-3- 
thiol, ni.p. 216°; 4-methyl- and 4-ethyl-t,l ,2-triazole-3-thiol, m.p. 168° and 97° 
[Freund, tier. 29, 2484; John.^on, Meitge, Am.Ch(‘m.J. 32 (19(M), 358]. 

3-AMINO-l,2,4(or 4,1,2)-TRIAZOLES are syntfi(\size(i from acyl (i(;rivatives 
of aminoguanidiiK', NlEC'f :NH)NllNnC()]| (Vol. 1, p. 515). They form diazo 
derivatives which e,ouj)le with amijuxs and plamols to giv(‘ dyestuffs, nnluee to 
triazolehydrazim's, oxidize to azotriazol(‘s and give halogc'iiot riazoles when treated 
with hydrog<‘n halide a(!ids (Manchot, Noll, Ann. 343, J). 3-Aminotriazole, 
m.p. 159°, from formylaminoguanidin<‘ and from aminotriazoleearboxylic acid; 
3-amino-5-methyltriazole, m.p. IIS'" {Thiele, Manehoi, Ann. 303, 33). 3- 
Amino-1 phenyl-1,2,4-triazole, m.p. 150° {Cunco, Oazz. 22, I, 12). 

3-Anilino-4-phenyl-4,l ,2-triazole, m.p. 213°, is j>r(‘pared from amiriodiphenyl- 
guaiiidine and forndc acid {Busch, Bauer, Her. 33, 10(57). 1,4-Diphenyl-3- 

anilinodihydrotriazole (see b('low), m.p. 128°, from anilieodiphenylguanidine 
and formaldehyde, and its hoinologiH^s are converted by gentle oxidation to 
eudoiininodihi/drotriazedes, 2,3,5,6-tetrazabi(‘yclo|2.1.1] -3-hexen(‘S, which are also 
f)btained directly by condensation of arylaininodiarylguanidiiujs with carboxylic 
acids or their chlorides: 


GJl.NIlNrCfNITCJE',-f HGO2H CULN NCVE 

I I /' 
GelRN-CII 


-2H 


N=C-NHCeH6 
>NC6H, 


C,U,N-~CU, 


The endoiminodihydrotriazoles are yellow compounds with strongly basic 
properties whi(^h an* n^adily split, into their original components by caustic alkalis 
{Busch, Ber. 38, 856; Busch, Mehrtens, Ber. 38, 4049). Tlie nitrates of the endo- 
iminodihydrotriazf)les are very sparingly soluble; triphenylendoiminodihydro- 
triazole (see above), m.p. 189°, know'ii as iiiiroii, is used for the detection and 
gravimetric determination of nitric acid {Busch, Ber. 38, 861). 

Similarly condensation of carboxylic acids and their chlorides with diaryl- 
semicarbazides and diaryl thiosemicarbazides produces endooxydikydrotriazoles 
(5-oxa-2,3,6-triazabicyclo[2.1.1 j -3-hexenoa) or efidotldodihydrotriazoles (5-thia- 
2,3,6-triazabicycl()[2.1.1]-3-liexenes) {Busch, J.pr. 67, 201). 

4-AMINO-4,1,2-TRIAZOLES are prepared by hiiating mono- and diacyl- 
hydrazines and by rearrangement of N-dihydrotetrazines (p. 154). 4-Amino- 

4.1.2- triazole, m.p. 83°, by heating formylhydrazim* to 210-220°, by fusion of 
N-dihydrotetrazine and its carboxylic acids and by decarboxylation of 4-amino- 
triazoledicarboxylic acid (see below) {Curtius, Darapsky, Muller, Ber. 41, 3168). 
4-Amino-3,5-dimethyl-, -diethyl- and -diphenyl-4,1,2-triazole, m.p. 199°, 167° 
and 258°. 4-Aminodimet,hyItriazole is also obtained from ac^etohydroxamic acid 
chloride and hydrazine (Wieland, Ber. 40, 1677). The amino group in 4-amino- 

4. 1 . 2 - triazoles is split oft’ as nitrous oxide by the action of nitrous acid. The N- 
aminotriazoles condense with aldehydes and ketones lik(* substituted hydrazines, 
with elimination of water: 4-benzylideneamino-4, 1 , 2 -triazole, CelltCHiN-- 
N 3 C 2 H 2 , m.p. 170°. With 1,3-dike tones and /3-oxo carboxylic acid esters bicyclic 
compounds containing a triazole and a pyridazirie ring are formed {Billow, Ber. 
42, 2594) ; 


CH,CO 


-CO 

CH, 


+ 


H 2 N—N—CH. 
IC=N/ 


- 2 H,o CH,.C=N-N—CH; 


HC 


HC:C(CH,)-0 

Di methyl-«-triaso)o [& ]- 
pyridasine 


' V 
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TRIAZOLECARBOXYIIC ACIDS. Triazole-3-carboxylic acid, in.p. 137° 
(d(;c.), by oxidation of 3-nu'1hyltria7ol(' and of 1-aniinoph(^nyl-l ,2,4-triazole-3- 
carhoxylic acid with KMn 04 . 1-Phenjd-l,2,4-triazole-3-carboxylic acid, m.p. 
184°, from l-ph(*nyl-3-mothyI-l,2,4-triazol(‘, and by decarboxylation of 1- 
ph(‘nyl-l,2,4-triazolc-3,5-dicarV)ox3dic acid, which is obtained by oxidation of 1- 
phenyl-5-niethyl-l,2,4-triazole-3-carbox3dic acid, m.]). 177°; the latter is formed 
{)y saponification of its nitrile, l-phenyl-r)-meth3d-3-cyanotriazole, m.p. 109° 
(from dicyanoph(‘nylhydrazine with ac(‘tie anhydride), or by controll(‘d oxidation 
of 1-phenyl-r)-methyl-3-acetyltriazole, m.p. 89° (from (^-amino-o-pluaiylhydra- 
zonoacetone) with acetic anhydride. 5-Amino-l,2,4(or 4,1,2)-triazoie-3-car- 
boxylic acid, m.p. 182° (with loss of CO>), is prepared from oxalylaininogiianidine 
and, together with 4-amino-4,l,2-triazole-4,5-dicarbox3dic acid, m.f). 77° (dec.), 
by warming N-dih 3 "drot(‘trazinedicarboxylic acid with concfmtrated potassium 
h 3 airoxid(‘ solution; it forms a diazoiriazolecarhoxylic acid which los(‘s nitrogen 
when warmed with alcohol to giv(‘ triazole {Thiele, Manrhot, Ann. 303, 51; Cur- 
tiuR, Darapsky, Muller, Her. 40, 1194). 

3,3;-BI-.s-TRIAZOLES an' pr()dueed by tlu' reaction of the dihydrMZone and 
the di-(phenylhydrazone) of r)xamid(‘ {JUmdurger, de Crvyivr, JhT. 26, 2389) 
with acids or their anhydrides {HUidin, Her. 21, 3003; lUuuian, Her. 30, 1194): 

CelT. NH .N - NIlCoH^ 

V:—c:<f + (cii,co),() -> 

HjN/ ^mi. 

Di-(p})enylhy(lr».zoru’) of oxaJJiide 

I I >NC6H. 

V(CTT3)=-N N=C(CH3)/ 

1,1 '-Diphenyl-5,^>'-(limpthyl-3,3'- 
bi-l ,2,4-ti ia^ole 


Bi-.s-triazole, (C 2 lT 2 N 8 ) 2 , from tlie dihydrazone of oxan id(' and formic acid, 
sublimes over 300°. 

TRIAZOLONES, oxo d('rivatives of dihydrolriazolc's, which also react in the 
tautomeric form as h 3 ^droxytriazoh‘s \ej. pyrazoloiu's, p. 97, and Audreocci, 
Atti accad.Lincei (5] 6 (1897), I, 378], are prepared: 

(I) From acetylurethan and phenylhydrazines: 


CTI,C^O 


NH~COOR 


-f NH 2 NHC 6 H 5 


CH3C- --=Nv 

1 >NCeH5 or 

NH—CO/ 


CH3C-—=::_Nv 

I >NC6H5 

N=C(OH)/ 


This reaction corresponds to tlu' format ion of phenylmet.hylpyrazolone from acc'to- 
acetic ester and phenylhydrazine. 

(^) From acid derivatives of plumylsemicarbazide b,y warming with dilute 
aqueous alkali (Widmaii, Her. 29, 1946; Widman, Cleve, Her. 31, 378): 


/COCH, 

C6H6N< -> 

^NHC0NH2 


XXCH3):N 

C6H,N< I or 

^NIT-CO 



C(CIl3):N 

N---=C(0II) 


(S) Carbamic acid derivatives of triazolones or hydroxytriazoles are ob¬ 
tained b 3 ^ the action of .s-ac.ylj)henylliydrazines on carbairdc atfid chlorides. This 
n^action does not take place with benzoylphenylhydra/inf*, but does w'ith hexa- 
hydrobenzoylph(‘nylhydrazine {Rupe, Metz, Her. 36, 1092): 


NPICHO 


CeHfiNH 


+ 2 NH 2 COCI 


N-=CH. 

I >N.CONll2 
CeHfiN—CO/ 


Alkali 


N-=CIF 

-> I >\I1 

CellftN-CO/ 
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{Jf) Tria/-()1 OIK’S are formed by the condcaisation of aldehydes with semicar- 
bazides in the presenei’ of an oxidizing agent, or witli azoforinanhdes {Young, 
Siockwell, J. 73, .S68; Young, Witharn, J. 77, 224): 

C^eHcNIl • NM • CO • NHs -> : NCONTT2 + 


CJT,CITO 


/NH-CO 

CcIT5N< I 

XXC6H5):N 


Properties. — The triazoloiK’s usually reaet ms neids, in tlic’ form of triazolols; 
with .PaSri they give triazok’S, and with PCk., ehlorotriazoli's. 

1,2,4-Triazolone, tautomerie with l,2,4(or 4,] , 2 )-iria 2 olo!, m.p. 234°, is 
obtaiiH'd from acf'toni' semiearbn./(me and formic ai’id, and from hydroxytri- 
azolecfU'boxylic acid, which is prepared from diazotriazolecarboxylic acid (p. 
157) with dilute sulfuTT’ acid {Manchot, Her. 31, 2444); it reacts as an acid. 
1 -Phenyl-l ,2,4-triazol-3(2)-one, from phenylsenii(;a.rbazide and formic acid, 
subliriK's and riK'lts at 274°. C'-Alkyl- or aryl-triazolones ri^sult from oxidation 
of the (Mirrc’sponding aldc’hydf' semicarbazom^s with alcoholic ferric chloride in a 
clos^'d tube {Backer, Mulder, Jb'c. 44, 1113): 


TIaN—CO N—CO 

('«iT„-(;ii Nil - —'' ■■ > (gifC Nil 

\/ 

N Nil 

1-Phenyl-1,2,4-tria7ol-r)(4)-one, m.p. 183°, is pri’pa.riid from forrnylphenyl- 
hydraziiK' with carbamic acid chloride and fF'om its caaboxylic acid, l-phenyl-5- 
triazolone-3-carboxylic acid, which is foriiK’d from 1-phenyl-3-methyl-5-triazo- 
lone, m.f). 1()7°, b.p. ov(‘r3(K)°, liy oxidation with KMnO. {A ndreorei, Atti accad. 
Lincei 1890, 11, 209); t ln^ lat t(’r is also obtained from aiM'tylphenylhydrazine with 

NHrCXK'l. C-Phenyltriazolone, ( NH •('O-l'lI oiCJI-,/’: N CONII-- 

“I 

Nil, m.p. 322°, is pri'pari’d by heating benzatsi'inicarbazidc' with ferric chloride 
in alc(Tiolic solution {Baeker, Mulder, Ih’c. 44, 1113). 

THIOTRIAZOLONES an* formed from acylthiosi'inicarbazidi’s by boiling with 
(lilut(‘ alkali. 3,4-Dmhenyl-4,l ,2-triazole-5(4)-thione, m .p. 287 °, from 1 -benzoyl- 
4-phenylthios(’niic;irba/ide, CJlft'CO’NH-NH-CkS-NH -CoHf,. Othertriazole- 
thionc’S ar(' obtained similarly {Proium, Trukn, Ann. 442, 150). 

URAZOLES, or dioxotetrahydrotriazoles, an* pn’jiared by heating uriai and 
urea dta-ivalives, sik 4 i as allo|)lianic acad and biuri't, with hydrazines salts: 


co~mh 

I 

Nil (70 -MT 2 
Biuret 

Urazole, iriazo!idhie-Z,b-dione, or the tautomi’ric. enol forms, m.p. 244°, is 
fornuMl fiom hydrazoformamide, NIIi CO-NII-NH-CTl-NHo, by heating over 
the melting point {Thiele, Stange, Ann. 283, 16), biuret {Pellizzariy Cuneo, Cazz. 
24, I, 500), aminobiuret {Thiele, Vhlfelder, Ann. 303, 101), and diaminobiuret. 
Urazole is a strong monobasic ai’id; whim distilled with 1^2^55 it yields triazole. 
For th(' cunviTsion of urazok’ to tetraacetylhydiazine by heating with acetic 
anhydride and sodium acetate, see (Uinvo, Ann.(diim.farm. 26 (1898), 481. 1- 

I- -j 

Phenylurazole, (JJUN NII -CO'NH-CO (or the tautomeric enol forms) {Acree, 
Her. 36, 3139; Aeree, et al., Her. 41, 3199), m.p. 203°, is obtained from urea and 
phenyihydraziiK’, from iFlamylsi'miiarbazidocarboxylic acid ester {Rum, Ber. 29, 
829; Aeree, Ber. 37, 018) and from the acetyl derivative of oxalonydroxamio 
acid phenylhydrazide: 


m ^|2] 

NHs-NTI? (XU -Nil 


-2N1I8 


i )>N1I 
NU--(XK 
141 [6] 

Urazolo 


01 
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HO C-CO Nil NIT (yu 


NOCOCH 3 


by a Bockmaiin r(‘arrarit?(‘iTK‘iit {Thivlc, Scldviisamr, Ann. 295, 136). With 
methyl iodide it gives dimethylplienylurazole, ni.p. 95°. The isomeric 4-phenyl- 

urazole, CePieN-CO-NH-NH-CO, m.p. 203°, is prepared from hjalrazoform- 
amide with aniline hydrochloride. 

The 4-aminourazoles, sometimes calhal urazivcHy an^ formed by condensation 
of hydrazine derivatives of carbonic acid (finach, Bca*. 40, 2093). 4-Amino- 
urazole, m.p. 270°, is prepanai from hydrazoforinic. acid estta- and hydrazine 
hydrate at 110°. 1-Phenyl-4-aminourazole, m.p. 245°, from phenylhydrazo- 

formic acid ester chloride, CeHsN (COCl)XHC()OR, and hydrazine; with nitrous 
acid it gives 1-phenylurazole {Bunchy IlcinrichSy Jh'r. 33, 455). l-Phenyl-4- 
anilinourazole, m.p. 264° {RupCy Gchhardiy Her. 32, 16). 

I I 

3-Thiourazole, NH-NH-CS-NM •(-() (or tautonu'iic forms), m.p. 200°, from 
l-methylmorcapt.oformylthios(‘micarbazi(i(‘, (’ll -S-C’O- Nil - Nil ■CSNIhj, by boil¬ 
ing with axjueous alkali {Arndty Mildc, Tnchcunchcr, Iha-. 55, 343), or from 1- 
carb(4hoxythios(anicarbazi(le, 1 li,C4 X >( ^ Nil • N11 • CS-N II 2 , by (i'(*alment with 
NaOIl {Fromruy Nr.hring, Ih'r. 5o, 1374); it is r(‘adily soluble in water and 
strongly acid. N-Aryltlhourazoles are jilso fornaal from 4-aryllhiosemicarba- 
zides by laaiting with urea for many hour.s at 13t)°, although this rt?action is not 
always su(;cessful [Ca/ai, ScUy Quart..!.Indian Cheni.Soc. 4 (1927), 43]. 

I-j 

3,5-Dithiourazole, Nil-CS-Nil-CS NIl, (or tautoiiuaic forms), m.p. 196°, 
colorless, sl-rongly acid, readily solubh* in water, prc'panal from trithioalloplianic 
acid mononuXhyl esU'r, CllsS-CS-NTl-CS-Nlb*, and hydraziiu' hydrate {Arndiy 

Mildc, Her. 54, 2105). 3-Imino-5-thiourazole, Nil ('S NIT'C(Nll)-NH, 
(or taiitom(a'i(‘. foT’ins), m.p. .303°, from hycbazothioformamide oi' its monomethyl 
ether by boilirjg with concM'-nlI'atiMl a(jU(Muis alkali {loc. cil., }). 2099); it is a 
strongly acid c.ompound, sparingly solubk' in wat(‘r, which is conv^('rt(“d by methyla- 
tion to*the S-mononH‘thyl (4h(‘r, noj). 135°. TIk' lalb'r is also fornaal whim the 
S-inethyl ethiu- of hyilrazothioforma-midi' is heatiai, by idimination of methyl 
mercaptan {Loc. cit.y [). 2097). Olhiu- compounds of this tyjxs Fromm, Ann. 
447, 259. 

Whim h^'drazothioformamide is heati'd with acids, tetrahydro-1,3,4-thiadi- 
azole derivative's (p. 467) are produced {Bunch, Schfuidt, Bia-. 46, 2240; Bunch, 
LotZy J.pr. 90, 257). 

l-Phenyl-3,5-dithiourazole, m.p. 181° {Acrcc, Wilicox, Ber. 37, 184). 

r- 1 

Diiminourazole, guanazole, NH'C(NIl)-NH CdNH)-NH, m.p. 206 , is 
obtained from a-cyanoguanidine with hydrazine {Pellizzari, Cazz. 24, I, 481): 


/Nfh 


CiN 

I + NIHNIH 

nh-cUnh 

a-Cyanoguanidiiie 


I1N:C-Nil 

I 

1IN™C(NH) 



Guanazole 


4-Aminoguanazole, guanaziuc, m.]). 257° (dec.), from hydrazini! with two molar 
projiortions of cyanogen bromide {l^cUizzafi, Bi petto, Gazz. 37, 11,317). 


Condensed Ring Systems of 1,2,4- and 1,2-Triazole 


s-Triazole contains no adjacent carbon atoms, so no benzo derivativiis of it 
exist. However, bicyclic ring systems containing the s-triazole ring, in which the 
grouping —CH==N— or —N~N— is common to the two rings, are known: 
Marckwald, Rddzik, Bcr. 36, 1111; Ndf, Ann. 265, 122; SiollS, Ber. 45, 287. 
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2. OXADIAZOLES 


The compounds haviu^r fivo-iTKUnlx'n'd rin^s containing' one oxy^^cn atom and 
two nitrof'cn atoms arc called oxadiazolcs or furodia7a)lcs. Tlii! nuinb(;r ol 
arran^^canents possiblt^ for such rinp;s can be deduced from analogy with the 
triazole series, replacing the Nil-member by O: 

Triazole scu ies: 


lie N 

HC—N 

II li 
no N 

N-(^n 

nl; A 

1 I 

fIC' NH 

\n/ 

NH 


2,1,3-Triazole 

(Osotriazoh') 

1,2,3-Triazole 

1,2,4-Triazole 

Oxadiazole seri(^s: 



HC^ — rii 

no-N 

N—on 

II II 

II II 

II II 

N N 

JIO N 

HO N 


V" 

\/ 

0 

o 

0 

1 ,2,r>-()xa(Iiazole 

1 ,2,3-Oxadiazole 

l,2,4-()xadiazole 

Furazan 

(Azoxime) 


HN- CH 

I !l 

IT(^ N 

V/ 

4,1,2-Triazole 


N-N 

II II 

IK^ on 


V" 


() 


1,3,4-Oxadiazole 


14iis analogy b(?fween the ring systems is not merely formal; it extends to 
their methods of pn'paration. 


(a) Furazans, 1,2,5-Oxadiazoles: 


I 

CH--N 

(41 [ 5 ] 

The furazans correspond to the 2,1,3-triazoles. As the latter are 
obtained from osazones (p. 147), so the former are prepared from 
glyoximes, the dioxirnes of o-diketones, with alkali: 



CJI,.C=:--NOn _n.o 


Cyh,C--NOH 

I)iphenylglyt>xime 


I >0 
C«lbC--N/ 
Diphenylfurazan 


Like the isoxazoles, the furazan derivative's in which the IT-atom of both 
iiK'lhine groups is substituted are stabK' compounds; if one of the iiKdhine^ groups 
is unsubs(itut(*d, rearrangeunent into nitrile's e>f a-oxo earbe^xylic acid oxime^s oc¬ 
eans readily. The alkylfurazans can be oxidize'd to furazane^arboxylic acids. 

3-Phenylfurazan, m.p. 30°, ve'ry volatile, is forme'd from phenylglyoxime di- 
ae'en ate with soda, and is rearranged by aqueous se)diura hydroxide to the #xime 
of benzejyl cyanide: 


I >0 

ho=n/. 


C;Hr>C-N0H 


CN 


(Rassanoir, Her. 24, 3503); it is stable to acids. 3,4-Dimethylfurazan, m.p. —7°, 
b.p. 156°, is obtained from di met by Igly oxime by heating with NHs at 160-170°; 
3-ethyl-4-methylfurazajj, b.p. 170°, is similarly prepared from methylelhyl- 
glyoxime. 3,4-Diphenylfurazan, m.p. 94°, is formed by heating azobenzoyl 
(StolUt Reichert, J.pr. 123, 82); it rearranges slowly when heated into the 
isomeric 3,5-diphenyl-l,2,4-oxadiazole (p. 163) {Dodge, Ann. 264, 180). 3,4- 
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Dibenzoylfurazan, m.p. 118°, from dihonzoylfuroxan (p. 162) {AngeU, Bor. 26, 
529). 

Furazan-3-carb6xylic acid, m.p. 107°, is oblained by oxidation of fiirazan- 
propionic acid, tho anhydridt^ of dioximiiiovaloric arid (Vol. I). 1 -Methyl- 
furazan-3-carboxylic acid, m.]). 74°, and furazan-3,4-dicarboxylic acid, m.p. 
17<S'' (d(‘o.), aro foriiK'd from dimotliylfiirazan with KMnO*; both aoids roadily 
yi(‘l(l oyaiioximinoacotic aoid wh('n boiled with wat.(‘r. 

Benzo-, naphtho-, phenanthrofurazans and tht‘ like an' jat'pared from o- 
dioximes of the ben/eiKs naplit.halcaie, and phenaiithrene seri(‘s {cf. Zinckc, ,I.pr. 
53, 340; Zin.cke, Schwarz, Ann. 307, 40). 

FUROXANS are N-oxi(l(%s of fura^/aiis, aeeordin^^ to WicUnal {Wichimi, Stmipcr, 
Aiifi. 358, 36; Wiclnnd, Scalper, (hncliit, Ann. 367, 52; Wicland, (hncihi, Ann. 
367, 80; 375, 297); they had previously been considen^d ^ijlyoximt' peroxides. 
Thre(' stnietiires have been su^^^rested for them: 


HC 


CU 

I >0 

N N 

O 

(I) 


nc —(01 

II II 

N N--() 




O 

(H) 


IK^ CII 



(III) 


For monocyclic furoxans formula IT is jg^eiuTally ac(‘ei)t(Ml (Wiclai d, Ann. 424, 
71 ; 444,7; Kitnicy, Am. SI, 1592). Bcmzofuroxans {]>. 162) wliich undoubt(‘dly 
ai'(Mhiriv(*d from tin* “bisnif roso formula” (formula III) ha\e b(H*n pr(*pai(‘d by 
(/rccii and Roicc (,]. 103, 897; 111 , 612). According': t(» s})('clroscopic, data, struc¬ 
tures II and III are (equally probable, while structure I is l(‘ss so (c. AwircrH, Her. 
60,2122). 

ilie most important methods for preparing furoxans ar(^: 

(/) By polymerization of nitrile oxides (Vol. Ill, p. 315): 


- C -(\U, 

2CAhC-^N^O -► II II 

N()N:0 


Th(' preparation of furoxans from hydroxamic acid chlorid(xs and nitrolic acids 
d(‘pends on the interiiKMliatc* formation of nitrik* oxides. 

(2) By oxidation of aldoximes and ji^lyoximes with NCb iti etliereal solution 
(Scholl, Tier. 23, 3496): 


2(VIf,(^n:NOIT 


VAh'C—C (\\h 

II II 

N O N:0 


II II 

NOII NOH 


(3) From the monomolecular pseudonitrosites (nitriles) of many prop('nyl- 
benzencs by boiling with alcohol or wat(‘r (Wicland, Ann. 329, 238): 


C1T3(3C«H4C- CllAAh 

Aon 


_ H ,0 f'IIsOC ’el I, • C ■-(’- Cl I 3 

NO-i\:0 


The furoxans are reduced to the corresporuiing furazans by treatment with 
HI or iSii and hydrochloric acid or POb. Fik(‘ the furazans, the disubstituted 
furoxans are stable compounds, while the monosubstituted derivatives are 
(Uisily decomposed by alkalis,forming first h^alroxyfurazans, then o.ximesof tt-oxo- 
hydroxamic acids: 


Cell^C-CH 


NON:0 


Cflllfi'C-COH 


NON 


CoHs-c-con 


NOH NOH 


Dimethylfuroxan, b.p. 222°. Phenylfuroxan, a-form (labile)^ m.p. 106 
108°; /3-form: m.p. 95°; from phenylglyoxime (Vol. Ill, p. 407) with NO 2 
and from phenylacetylene by addition of N 2 O 8 (Wieland, Ann. 424, 71). It is 
converted by alkali to phenylhydroicyfurazan, m.p. 111 ° (dec.), and then split 
to isonitrosophenylacetohydroxamic acid (see above). When boiled with water 
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it drcomposi'H to fomi hydroxamic acid and hcnzonitrilc oxid(‘, which polymcrizi^s 
imnuuliati'ly to diphcnylfuroxan. The latter is also formed from benzaldoxime 
and Ixmzildioxime, and hy the spontaneous decomposition of Ixaizoriitrolic acid. 
Dibenzoylfuroxan results from tlx; action of nitric, acid on aceto])henon(‘. With 
amiiH^s, by fission and nxdosin^i: of tlie ring and simultaneous elimination of a 
Ixmzoyl group, it givi'S the highly colonxl nitrosoisoxazoles (formerly known as 
isotriazoxolcs), whiidi rearrange when boiled with alcohol or glacial acetic acid into 
colorless azoximes: 


ryT,CO-C- c-cocyif, c«h»nh- ^JT,.C:C(NO)•C^NlICy^^. -► 

II II -> I II 

N0N:0 0-N 

Cyi.COC'NrC-NHCyh 

II I 

N-0 


Dichloro-, dibromo- and diiodofuroxan, volatile, rn.]). 50° and 91°, are pre¬ 
pared by the action of halogens on mercury fulminate (Wicland, Ber. 42, 4192). 


JION :CU- (^- ((dl: NOH 

Th(‘ dioxime of furoxandicarboxaldehyde N 

\/ 

O 

is identi(^al with the isocyanilic acid iliscoven^d by Scholvuni (J.pr. 32, 477 ), 
which is tlie Ud-ramok'cular polymerization product of fulminic acid (Vhil. I, p. 
294). Bor the prcxif of its constitution, see Widand, Ann. 444 , 7. 

Furoxancarboxylic acid, m.p. 90° (di^c.), slowly decomposes in water to iso- 
riitrosomalonohydroxamic acid, COOHClfiNOH) -CK:N(.)H)OH; it is formed by 
saponification and d(‘carb()X 3 dation of furoxandicarboxylic acid diethyl ester, 
(COO(' 2 H 5 ) 2 C 2 N 202 , b.p. 104° (10 mm.), which is obtained from aiudoacetic 
ester by tniatment with fuming nitric acid with intermediate formation of iso- 
nitrosonitroaiR'tic (isti'r, (X) 01 t(l(N 02 ) (: NOH), and from chloroximidoacetic 
est(^r by treatment with sixlium carbonate. Furoxandicarboxylic acid amide, 
m.p. 218° (d(‘c.), is closely related to fulminuric acid, CNCH(N 02 )C 0 NH 2 
(Vol. 1 , p. 290), from wlncli it is obtained by the action of concentrated H 2 SO 4 
and to which it is partially converted by boiling with watc'r {WivLand, (rnwlin, 
Ann. 367, 80). 

BENZOFUROXANS are prepared: ( 7 ) by oxidation of dioximes of aromatic 
o-diketones; and (I?) by oxidation of o-nitroamincs with hypochlorite {Green ^ 
Rov)e, J. 103, 897; 111, 012 ). The same h-methylbenzofuroxan (IT) is obtained 
from 7 Ai-nitro-p-toJuidine (I) and from p-nit.ro-m-toliiidine (III); this is strong 
evidence for the symmetrical structure of benzofuroxan. 



(1) (II) (HI) 


5-Methylbenzofuroxan, colorless needles, m.p. 97°. 

Nitroarnines and nitTosoamines of the naphtlialene series are converted by the 
same methods into naphthofuroxans and naphthofurazans {Greeuy Hoioe. J. Ill, 
012 ). 


(b) 1,2,4-Oxadiazoles, Azoximes: 


_CH> 


N: 

(4] [61 


[11 
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The 1,2,4-oxadiazoles correspond to the 1,2,4-triazoles. They are prepared: 
(/) From the oxime^s of acid amides and carboxylic acids, their chlorides or 
anhydrides (analogous to the pre]mration of 1,2,4-triHzoles from hydrazidin(\s): 


(JH3("---NOTr 

I 

NII 2 

Acetamide oxime 


+ o„ii.,(x:>oii 


oir,-c:--N 
» I >0 

N--=C(:cH. 

3-Methyl“5-phenyl-l,2,4- 

oxaduizole 


With aliphatic ald('hyd(‘H th(^ amide (jximes form dihydrooxadia/oles, which are 
readily oxidizini to oxadin,zok‘s; with COC'h and C 8 CI 2 they giv(‘ oxadiazolones 
and oxadiazohdliiones {ScJnihnrt, Ihn*. 19, 1487; IFcisr, Ihn*. 22 , 2422; Krummel^ 
Jh'r. 28, 2221 ). 

{2) From glyoxirnes or furazans (sei* above) by a BcH'kmann rearrangement (p 
160 ) {Angeli, Alalagnini, (Jazz. 24, IT, 121 ): 


C Jb. C--NOT1 (\,H, • (‘--=--N()l r C JI, • ( k-N 

I ——^ I -> I >0 

CJoHfC-^NOlT Nil COCtHi, N-C-OJIs 

Benzil dioxime 3,r>-Dipheuyl-l,2,4-oxadiiizole 

Th(^ 1,2,4-oxadi;izol('s are stabks inuitral compounds whi(;h are hydrolyzed 
with difficulty by acids or alkalis. Tlu'y ar(‘ very volatile with the vapors of low- 
boiling solvents and in the air, althoiiglj th(‘y hav(‘ high Ixnling ]>oints. 

3,5-Dimethyl-l ,2,4-oxadiazole, didhmylazoxvmc (Nordmaririy Bor. 17, 2755), 
is a very volal ilesuhsl a,nc(‘. 2-Methyl-5-phenyl-l ,2y4-oxediazo\e,< lfi<’tiylhefiz(‘fii/l-^ 
azoxiiucy tn.[). 57". 2 ,5-Diphenyl-l,2,4-oxadiazole, dihcu.zcnylazoxirnc, m.p. 

108°, b.p. 290®, is obtaiiH'd from N-b(*nz()ylb(.‘nzimidc chloride with hydroxyl- 
aniinc {Bexhnann, Sandcl, Ann. 296, 284), by oxidation of benzakloxiine woth 
sodium bypochloriO' and by reduction of 2,5-diphenyloxadiazole-4-oxide, 

NOCC.H, 

II II 

-N:() 

m.!). 124°, wliich is fornu'd by tlie spontain'ous decomposition of benzohydrox- 
amic add (!hk)ri(l(* and by action of alcoholic, hydrochloric acid on tribenzoiiitrile 
oxide (Wirland, B('r. 42, 806). 5,5'-Dimethyl-3,3'-bi-1,2,4-oxadiazole, 


I I 


ddcihy 


m.p. 165° {Zi?iknsni, Ber. 22 , 2949). 

Nv 

3-Phenyl- 1 ,2,4-oxadiazol-5-one (or tautomeric form), I 

NH—CO/ 

m.p. 198°, and 3-phenyl-l,2,4-oxadiazole-5-thiol (or tautomeric form), 

C,lUC =— Ns^ 

I ^O, m.p. 131°, from benzamide oxime with COCI 2 and CSCI 2 ; 

N=C(SH)/ 

tlu‘ foriiKU' is also obtained from phenylglyoxime W’ith oxidizing agents, by rear¬ 
rangement of the nitrile oxide, C 6 HftC( :NOH) -CiN:0, formed as an intermediate 
(Ponzio, Zanardi-Lamberii, Cazz. 53, 818). 


(c) 1,3,4-Oxadiazoles: 

[1] 

[41 [61 

Derivatives of .1,3,4-oxadiazole, or oxybiazole, which is itself unknown, are 
preptwed from &’-diacylliydrazines by lieating alone or with dehydrating agents; 
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this preparation is aiialo^ons to the formation of fiirans from 1 , 4 -diketoncs (cf, 
pp. 15, 90; Stolii, Ber. 32, 797; J.pr. 68 , 130; 69, 506): 


NHCOCeHs 

mioocjis 


- 1 I 2 O 
—> 


N=-C(C6Ht) 


> 


2.5- Dimethyl- 1 ,3,4-oxadiazole, b.p. 179°, is obtained from s-diaeetylliydrazine 
with acetie anliydrid(‘ and from tetraaeetylliydraziiu' by heating; it is more easily 
d(^composed by acids and alkalis than the aromatic derivatives. 2 ,5-Diethyl-, 
dipropyl-, diisopropyl-, and diisobutyl-1,3,4-oxadiazole, b.p. 198°, 227°, 209°, 
and 232°. 2,r)-Didecyl- and dipentadecyl- 1 ,3,4-oxadiazole, m.p. 54°, b.p. 275° 
(22 mm.), and rn.p. 72°, b.p. 215° (15 mm.) (StolU, J.pr. 69, 481 Jf.). 

2.5- DiphenyI-l,3,4-oxadiazole, m.p. 138°, b.p. 231° (55 mm.), forms a spar¬ 
ingly soluble double c )m[)ound with AgNO.?. It is prepared: (1) By heating 
dibenzoylhydrazine (se(‘ above). (^) From th(‘ silver salt of b(nizalb(mzoyl- 
hydrazine and iodiin' {Stolid, J.pr. 70, 414). (8) PVoni '-dianiinodibeiizyli- 
deriehydrazine with N-Jla {Pinner, Ann. 297, 204): 


N-=C(CJl5)NIl2 N20, 
N--C(C«H,)N1T2 


N=C(CJR)v 

N--C(C6H5)/ 


o 


(4) From b(‘nzil dioxinu', analogous to the formation of the isomeric 3 , 5 -diphenyl- 
l,2,4-oxadiazolt‘ atid diplaniylfurazan {(iuntJur, Ann. 252, 00 ): 


cvi5f::Non 

I 

C:jT,C:N01I 


PCU 


K^-C{CMC\ 

N~-C(CJTr>)Cl 


N 0 . 1 AK 


N---C((’6ll5) 

N--C’(C6H5) 


> 


5,5'-Dimethyl- and 5,5'-diphenyl-2,2'-bi-l,3,4-oxadiazole, m.p. 212° and 
270°, are obtained from diacetyl- and dibenzoyloxaloliydrazide by heating with 
P 2 O;. (Stolid, J.i>r. 70, 427): 


NH--NI1 NJl--Nir 

I I I I 

CHsCX) CO-CO COCU 


-21120 


1ST--N 

CHjC-O-C—C-0-l:CHi 


Oxo-, thio-, and iminooxadiazolines, derivatives of dihydreoxadiazole, are 
produced from carboxylic acid aiid urea derivatives of phenyl- and naphthyl- 
hydrazines (Vol. Ill, p, 156) with phosgene, thiophosgene, and phenylisocyanic 
acid chloride, CChTNC^iIFs {Freund, Kuh, B(;r. 23, 2843; Freund, Ber. 24, 4178; 
Freund, Konig, Ber. 26, 2870): 


(1) 

( 2 ) 


C^oH.NII 

I 4* COCh 

NHCOCHs 

Acetylphenylhydraziiie 

(^joTTtNH 

I + c\scio 

NHCONH2 

Napht,ti> l8eTnicar1>azide 


CellsN^--COv 

=<.cn.,> 


]Si=^C{CAhy 

2-Methyl-4-pbenyl-l,3,4-oxacliazol-5“One 


C 10 H 7 N- 


-C\Sv 

Aiy 


N--C(NH 

4-Nap}it.hyl-2-amino-l ,3,4-oxadiazole-5- 
thioue 


CAh^ll 
(3) I 

NHCdlO 

Formylphenylhydrazine 


-f- (Xd-iTNC'eHs 


C6ll,N--(:(:NOen5) 


N= 


=CH 


> 


3-Phenyl-2-phenyHinino-l,3,4-oxadiazoline 


Alkoxy- and alkylthicQxadiazolones result from the action of C'OCb on phenyl- 
carba/ic acid esters, C^ 6 H 6 NnNH-COOR, and phenylthiocarbazic acid esters, 
C:eH:,NllNll C08R {Busch, J.pr. 60, 38). 

For dihydrobxadiazoles, see also Stolid, J.])!. 68 , 417. 
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(d) 1,2,3-Oxadiazoles: 


|61 t'l 
< II <»s 

II 1=1 

('II - 

(41 I3| 

Tills rinu; systoin lias heon assurnod to b(‘ pn'scnt in tho diazoanliydrides first 
obtaiiu‘d by Woljf (Ann. 312, 121). Thost* compounds arc forni(‘d by the nation 
of nitrous acid on 2-aiiiino-l ,3-dioxo compounds: 


R (T^II NOH 


R'(t)‘(dTNTT2 


nvoc- 


R-rON 
R'C'O-C^’-ll 


The validity of tliis structure has often Imhui questioned M(isfiirn\ 

Ber. 42, 2397; IHmrolh, Ann. 373, 339); mon* r(‘cent invest it^"ltions (St(n/(Iivg(r 
ITelv. 4, 239) demonstiate that th(^ dia/oaiihydrides art' better represtaittal by tlie 
open formula of an aliphatic diazo compound; 

(R' • ( )0 )(R • (T)): 

Diacyldiazomethane 

The smooth conversion of these compounds to 1,2,3-triazoles with NHs, 
amines, phenylhydrazine, and hydroxylamine, and to 1,2,3-thiadiazol(‘S with HaB 
(Wolff, Ann. 325, 129; Wolff, Hall, Ber. 36, 3612), can also bt? explained on the 
basis of the open formula: 


R.C=C.C0R' 

I I 

HN N 
N” 


ROC-(^-COR' 


r.(W-:..CCOR/ 


3. THIADIAZOLES 

(a) 1,2,4-THIADIAZOLES, azosulfimra, result from the reaction of amide 

oximes with carbon disulfide (Crayeri, Ber. 24, 388): 


C6n.,C--NOII 

I 

NH. 

Benzamide oxime 


CURC-—Nv 

-> I > 
N=-C(sn)/ 

3-rhcnyl-l,2,4-thiadiazole-5-tLiol 


3-Phenyl-l,2,4-thiadiazole-5-thiol (or tautomeric form), m.p. 162°. 

With phtinyl isothiocyanate, 5-aniIino-l,2,4-thiadia2ole is formed. 

CflH,C===Nv 

3.5- Diphenyl-l,2,4-thiadiazole (dihvnzeriylazosvlfime), | yS, 

N-^C((\Jhy 

m.p. 91°, is obtained by the action of iodine or persulfate on thiobenzamide 
{Hofmann, Gabriel, Ber. 25, 1586; v. Walthr, J.pr. 69, 44). 

C»H6C====Nv 

3.5- Diphenyl -1,2,4 -selenadiazole, I >Se, m.p. 85°, from 

N-=C (Cells)/ 

selenobonzamide and iodine {Becker, Meyer, B(‘r. 37, 2551). 

1,2,4-Thiadiazole-3,5-dithiol (persulfocyanie acid) (or tautomeric form), 
HSC=N 

\ 

S, {Hantzscht Wolvekamp, Ann. 331, 265; Rosenheim, Levy, Orun- 
N=C(SH) 
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hmm, Ber. 42, 2927), is obtained in th(* form of its alkali salts from 5-zmino-l,2,4- 
dithiazoHdine-S-thione, I1N:G-NH by treatment with alkaliKS. It is known 


only in its salts (liaC\>N 2 S;{ f llbjO) and esters ((linu'tliyl ester, m.p. 42°). The 
eolt)rless i’n'e arid isonK'rizi'S (pheklv to I hi' yellow iminodit hiazolidiiu'thione. 

N CHv 

( 6 ) l,d,4-THIADIAZOEES, | are i)repared analogously to the 

l,2,4-oxadiazol(is and 4,l,2-triazok^s (pp. 163, 154) from .s-diacylliydrazines by 
luaiting with P 2 S 5 (StolU, lier. 32, 797; Sridel, J.pr. 58, 139): 


Nil (: 0 ( d b, P2S0 lSi^C(Clh\ 

I -> I 

Nil c'ociis N-=c((::iid'^ 

2,5-Dimethyl- 1 , 3 ,4-thiadiazole, rn.p. 04°, b.p. 203°; 2,5-diphenyl-l,3,4- 

thiadiazole, m.p. 142°, b.p. 259° (17 rnm.), from diacctyl- and diberizoylhy- 
drazine. P'or hoinologiu's, s(*e StolUy J.pr. 69, 158, 381,481, etc. 

5,5'-Dimethyl- and 5,5'-diphenyl-2,2'-bi-1,3,4-thiadiazole: 


R 


e< 


•N\ ..N•^ 

S / \ S 




m.p. 238° and 252°, from diacetyl- and dilx'nzoyloxalohydrazide with ^ 2^6 
(StolU, d-pr- 70, 429). 

2,5-Dimethyl- and 2,5-diphenyl-1,3,4-selenadiazole, m.p. 77° and 156°, from 
diacetyl- and dilxaizovlhvdrazine by heating with phosphorus pentaselenide 
J.l)r. 69, 509). 

THIADIAZOLINES, DIHYDRO-1 ,3,4 -THIADIAZOLES, are formed: (7) 
By th(5 reaction of ald(‘hydt‘S with plamyldithiocarbazic acid (Vol. Til, p. 159) 
or its (‘sters {HuhcJi, Ber. 28, 2035): 


CfJRNll 


J1N-(\SSII 

Plion.s’Idithiocarbuzic arid 


-f (d l20 


(UlfN 




N---(dSIIK 


3-Plienyl-5-ineroapto-J ,3,4-tliiadi- 
azolirte, m.p. 112“ 


The nKM'captot.hiadiazolim's an* also obtaimsl from 1,3,4-thiadiazole-2,5-di- 
thiol (p. 168 and Busch, J.pr. 60, 28); t])(‘y are stnnigly acid, stable to acids, and 
decompos(id by aqueous alkali. They an' readily oxidized to disulfides, which 
give several unusual reactions (c/. Busch, Ber. 29, 2127; J.])r. 60, 35; Schneider, 
J.pr. 67, 240). .... 

(£) Amino derivatives of thiadiazolines are prepared from thiosemicarbazides 
and aldeh.ydes {Busch, Bidder, Ber. 30, 849): 

CeIRNlI CoIRN-(:H((NHr>)\ 

I +OCUCJh -> I >S 

N--C~Nil( VJR N-CRNIICVR)/ 

Diphcn.vlthioHoruirarbajsidc Atiilinodiptien.vlthiadiazoline 

Similarly, 2-amino-5-phenyl-l ,3,4-thiadiazole is obtaimal by oxidation of benzal- 
thiosemicarbazide, and 2,4-di])henyI-5-phenylimino-l ,3,4-thiadiazoline from 1- 
beuzal-2,4-diphenylthiosemicM,rba.zid(‘ f Busch, flolzttiann, Ben*. 34, 324; De, Boy- 
Choudhury, J.Indian Chem.Soc. 5, (1928), 209], tlu' oxidizing agent being FoCla. 
When MiiO-i is used, iiuircaptotriazoles or their disulfides arcj also formed: 


N^CHCelR 

i 

N=C(Nn2)SlI 


N=C(C8H5) 

N=C(NIR) 


> 


s 


N=C:HC6ll6 


C,H,N—C(NC,H5)SH 


N=(3(C,Hj) 


c.Hjsr—c(Ncai5) 


> 
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(/) Iminothiadiazolines, {II) oxotluadiazolines or pscudothiadiazolones, and 
{III) thiothiadiazolines are produced by the action of carboxylic acids, COCI 2 , 
ami C 82 on thioformamide d(;rivativt‘s of hydrazine (Busch, Bcr. 24, 4190; 27, 
2512; J.pr. 60,25; Ber.42,4763; Bulvcrmacher, Bcr. 27, 6VS; Freund, Bvr, 29, 
2483): 


(la) I + HCOOH 

NK~-C(:NCoH5) 

4-Phenylthiosemicarbazide 


I 

NH— 


> 


5-Phenyliniinothiadiazoline, 
ni.p. 173” 


For the analogous rt'action of 4-aryl1hiosenHcarbazi(]('s with CS^, see Guha, 
Ain.47,385. 

(Ib) Hydrazothioforinaniid(^ and its substitution pi-odiicts are ('asily con¬ 
verted to thiadiazolines. The n^aetion proceeds in two dir(*ctions (Busch, Lotz, 
J.pr. 90, 259): 


IlN-N 

HN:C 

Y 


-NHs 


HN- 


-N 


I H^Nv II 

lINrCSH Vj 


- 1 I 2 K 


HN-N 

1IN:C (!—Nil! 

Y 


(Ir) The ring cU)sur(‘ of 4-alkylthiosemicarbazid(‘-l-dithiocarboxylic acid 
(*sl(^rs, II-Nil -CS “Nil Nil-CiSSCHg, also takes placi* in two ways, according 
to the reaction conditions [Guha, Guha, Quart.J.Indian Chcm.Soc. 4 (1927), 
161 j: 


JIN--N 

I !l 

S:(: (N-S(;il3 




TIN— 

—Nil 

TICl 

1 

S(' 

1 

1 

(\SCIT; 

II 

NH 2 U 


NHR S 


Boilinp; with alcohol 

- ^ 

-H 2 S 


HN-N 



Both triazoles and thiadiazoles can be obtained from liydrazothioformaniide, 
IHN-(kS-NTT NH •C\S'NH 2 , or its rnonoaryl derivative's, d('f)ending on the n;- 
action conditioiis (Artidi, Mildc, Ts(h(‘iisch<r, Ben'. 55, 341; Fromrn, Soffner, 
Fn y, Ann. 434, 285; Fromm, Jokl, Mo. 44, 297), 

5-IminothiadiazoIine (or aminothiadiazole), S-CltNIi) • NBFN :CH, rn.p. 191 °, 
from fonnylthios(*micarbazid(^ [ Freund, Mrruecke, Bit. 29, 2511; for othe'r imino- 
thiadiazoliiu's, see Dc, ]G)y-(Vu)udhury, J.Indian Clu'm.Soc. 5 (1928), 269]. 

2-Imino-l,3,4-thiadiazolidone-5, S C(:NII)-Nil Nil CO, m.p. 177” (formerly 
thought to be thiourazole), from hj^drazine-l-carboxamide- 2 -thiocarhoxamide 
with acids (Arndi, Milde, Tschcnscher, Ber. 55, 341). 5-Imino-l,3,4-thiadiazo- 

line- 2 -thiol, k^C(SH) :N'NH C('Nli), m.p. 245” (dec.) (formerly thought to 
bt‘ dithiourazole), from hydrazothioformamide with acids, NII 3 being eliminated 
(Busch, Schmidt, Ber. 46, 2240; Arndt, Milde, Ber. 54, 2090). 5-Phenylimino- 
l,3,4-thiadiazoline-2-thiol, m.p, 219”, from hydrazothioforrnanilide, with elimi¬ 
nation of aniline. Th(‘S(^ saim' sl irting rnatia-ials yi(4d triazok^ d(‘rivativeis in 
alkaline media (Arndt, Mildc, Tschcnscher, Ber. 55, 341). 


CioTTvNH 


/SIT 


(II) I A-COC], 

N-=C—NH 2 

Naphthylthiosemicarbazide 




-('O 


> 


N=-C(NH 2 )'^ 

3-Naphthyl-5-aniino-l,3,4-thiadia«ol' 
2-one. m.p. 260* 
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(///) I +C8* 

SII 


CelloN-CS. 

N=c;(sn) 


> 


5-Mercapto-3“phenyl-l,3,4-thiadiazoline- 
2-thioiic, m.p. 91° 

N=C(SH). 

1 ,.'^,4-Thiadiazole-2,5-ditliiol (or lautomorio forms), | yS, ni.p- 

N-=C(SH)/ 

168° (doc.), from hydrazine and CH‘>; oxi<lation with KMn ()4 (converts it to 
tluadiazoledisullonic acid, N 2 (' 2 (HO;{H) 2 S. When oxidized with iodine the mer- 
captothiadiazol(‘s ^iv(^ disulfidiNs: thiadiazole-S-H-lliiadiazole, which react with 
ammonia and amiiu's in an unusual way to give hydi’osulfamimvs, thiadiazole- 
SNJlo, derivatives of tliiohydroxylamine, Tlu* arylhydrosulfamines: 

thiadiazol(;-SNlI(/Jfi, rearrange to /j-aminolienzi'iielhiol etlu'rs: NH^-Cf, 114 * 8 - 
thiadiazok'. For this and other nm-tions of thiadiazolines, see Busch, J.pr. 60, 
26; Lingcnbrink, .l.jir. 61, 330. 

Thiadiazolidines, derivatives of Udraliydro-l ,3,1-ihiadiazole, have; beim ob¬ 
tained in th(‘ form of tludr 2,5-aryIiinin(‘s by oxulation of s- or a.s-diaryIthioureas 
witliH^O^ [Ckakrabdvti, I)c, J.Indian Cliem.Soc. 5 (1929), 6611. • 

{41 [B] 

cn^cu. 

(c) 1,2,3-THIADIAZOLES, | >S in, are prepanal from 1 , 2 , 3 - 

[ 3 ] [21 

oxadiazoles (f). 165) by treatment, with li^S in th(‘ presimci^ of alkali (Wolff, 
Ann. 333, 1 ; Wiclfnid, Block, Jier. 39, 1491). For th(‘ formulas, see p. 165. 

Th(‘ 1 ,2,3-tliiadin,zoles are weakly basic compounds, stable to acids and de- 
compos(‘d by alkali or n‘ducing agi'uts with libiaation of hydrogim sulfide. With 
IIgCd 2 tlu‘y lorm crystalline compounds; tlu'y also add methyl iodide. 

CH:CHv 

1,2,3-Thiadiazole, | \S, b.p. 157°, d°1.32, r)-methyl- and 5- 

phenyl-l,2,3-thiadiazole, b.p. 184° and*m.p. 53°, an^ obtained from tluiir car¬ 
boxylic acids. 5-Methyl- and 5-phenyl-l ,2,3-thiadiazole-4-carboxylic acid ester, 
m.[). 35° and 42°, from diazoacetoacetic ester anhydride and diazobenzoylacetic 
ester anhydrid (5 (Vol. Ill, ]). 433) with H 28 . 5-M(‘lhyl-l,2,3-thiadiazole-4-car- 
boxylic acid is oxidized by permanganates to 1,2,3-thiadiazole-4,5-dicarboxylic 
acid, whicli is decarboxyl a,ted to 1 ,2,3-thiadiazole -4 -carboxylic acid on fusion. 
5-Methyl-4-acetyl-l,2,3-thiadiazole, oil, from 2,4 -perntanediom; diazoanhydride. 
5 -Phenyl-4-acetyl- and 5-methyI-4-benzoyl-1,2,3-thiadiazole, m.p. 70° and 43°, 
are both formed from 1 -phenyl- 1 ,3-butanedione diazoanhydiide; (Wolff, Ann. 
325, 169; 333, 1). 

Thc! addition product of plienyl isothiocyanate and diazometha,ne is a deriva¬ 
tive of 1,2,3-thiadiazole (v. Bcchmanu, Nold, Bit. 29, 2588): 


('eIBNfVS + CI12N2 


(lH-=(^,(NIfC;cH6) 




=N 


> 


5-Aniliiio-l,2,3-thiadiazole, lu.p. 172° (dec.) 


BENZOTHIADIAZOLES, phcuylcncduizosuljhlvs, analogous to the azimido- 
benzenes (Vol. Ill, p. 108), are formed from o-arninobenzc'mdhiols with N20a: 


(Vdlr 


/ 


NH 2 


N 2 O, 




SH 


c; 




Th(* beiizothiadiazoles are much nK>re stable than benzooxadiazoles from 0 - 
aminophenols; thi'y resmiihle azoimides in stability, since they lose nitrogen 
tmlv at (devated tornpiTatures, without deflagration, forming diphenylenedi- 
sulfid(‘s, C<}H 4 H 2 (V.H 4 . d'hey ar(‘ weak bases and add alkyl iodides (Jacobson, 
Ann. 277, 214). Benzothiadiazole, phcriylene(liazosulfi(le, C) 6 H 4 N 2 S, m.p. 35°, 
b.p. 129° (10 mm.); trimethylbenzothiadiazole, curnylcnediazosulfide, CtH- 
( 0113 ) 3^28 m.p. 85°. 
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HC--Nv 

(il) 1,2,r)-THIADIAZOLE, | \S, corresponds to furazau. BENZISO- 

THIADIAZOLE3, piazthioles, an^ pn'pared b\Mjeat inj; o-plaai^ lenc'diainines witli 
sulfuroiis acid (IIiH.^hcrg^ Ber. 22, 2S9.'3; 48, Kil.'B ; 


-(^ NIB (dI=:(dr-CJ-Nv C1I=-C11—(^=N 

I II + so. -- I Hi > or I I 

(V-NIT. 011=011—(dl=0ir—0=N 

o-Pheiiylonediainiiie BenziMothiadiazoIe (piaztLiole), iri.p. 44®, b.p. 200® 



7di(' l)(‘nzis,)thiadiaz()les an* weak bases, stable to oxidizing agents; when 
reduced they giv(‘ o-diairiiiH's. 

2,1 ,;3-'benzoselenadiazoles or piaselenoles,# which correspond to the 
benzisothiadiazohvs, are e.asily obtain(‘d from e-diamiia'S witli selenous acid; 
tlie.y are as stabl(‘ as the benzisothiadiazoI(*s. 2,1 ,o-Benzoselenadiazole, pta~ 

sclcNolc, I V'^e, m.p- 70°, forms a perchlorate' (BaWgaUf 1 ^clioty Bull. 

\n/ 

I 1] 37, 1271). 4-Nitro-2,1,3-benzoselenadiazole, m.}>. JP()° (b'ourneau, Tr4- 
foud, Bull. |4] 41, -MS). Methyl-2,1,3-benzosclenadiazole, tolupiasdcuoU', 
(hThd^-'iSe), m.p. 73 °, b.p. 267°. Witli iniru'ral acids benzoselenadiazoles form 
salts (piase^lenazonium salts). Addition compounds an' formed directly by the 
action of selenium dioxide on o-aminodii)htaiylamine liydrochloridt? (lidUrgay, 
VSdiof, Bull. [41 37, 1271): 



C,lh /\ 

ITbCe Cl 


FIVF-MEMBERED RINGS WITH FOUR HETERO 

ATOMS 

1. THIATRIAZOLES 


N=CH. 

1,2,3,4 -THIATRIAZOLES or triazsulfoles, j \S. This ring is said to 

N=N/ ^ 

occur in a se'rii's of compounds fornu'd by the; action of nitrous aead on thiosemii- 
carbazidi' and alkyltliiosemicarliazides, although phtmylthios('mic;ai-bazide gives 
at(4razol(^ derivative (Freund, Sdiwarz, Ber. 29, 2491; cf. OUveri-Maridald, (iazz. 
44, I, 672): 

.N-NIB xN-N 

+ NOOII -> CriaNII-C.^^ I 


The aminothiatriazoles so obt ained are decomposed by boiling water into sulfur, 
nitrogen, iind cyanamide and by concentrated hydrochloric acid into nitrogen and 
ihioeydH amides. 

Methylamino-, ethylamino-, and allyIamino-l,2,3,4-thiatriazole, m.p. 96°, 67°, 
and 54°; ainino-l,2,3,4-thiatriazoIe, from thiosemicarbazide and NBOj, detonates 
at 129°. 


14 ] 

N- 


i 


IB] 

CHv 


2. TETRAZOLES 


-NH^ 

[81 [2] 

2.1,8,4>Tetraiole 


IB and 


[ 4 ] [ 6 ] 

N= • 

I 

N==N- 

13 ] [ 2 ] 

1,2,3,4-Tetraxole 


> 


'NH [1] 
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Oil the hawis of thf'se structural fonuulas, the synthesis of two isomeric tetra- 
zoles should be ]jos.sible but taulorneric N-iinsub.sti(u(ed tefrazoh's and 0- 
alkylle(razn|(>s eorn'spondiiij^ to th(' two forms hava* not bcn'i obtained. This is 
iiu(‘ (o the samr ambiguity in i h(‘ posit ion of t he imiiie hydrof-teii which has already 
b(*en obs(M’ved in oth(‘r azoles (}>yrazoU‘s, irnidazohss, triazolns). Howeve'r, al- 
ph(‘ny]-l,2,d,4-telrazole and a 2-phenyl-2,1,3,4-t(‘tra/ole ar(‘ known; \vh(‘n the 
phenyl groups are rerno\aKl by oxidation, the same tcdrazole is formed from both 
compounds; 


N-=(dI 

I 

N=N' 




l-Phenyl-l,2,;i,4-tetruzole 



Teirazole 


N-CHs 

II V 


N-N(CeH5K 


2-Phenyl-2,l,3,4-tetra2ole 


The reactions leading to th(^ formation of the tetrazoki ring can be outlined in 
this way: 



N N N-N 

(Syntheses of type JIa have not y(‘t been reporbai.) 


Tetrazoles are prepar(‘d: (1) By condensation of hydrazoic acid with hydro¬ 
cyanic acid and fulminic acid and their derivatives, isonitriles, cyanog(m bromide, 
and cyanoformic acid ester, probably by iiitermediab; formation of imide azidc'S 
and hydroxamic acid azides [ Dimroih, Fealer, B(ir. 43, 2219; Palazzo, Atti accad. 
Lincei [5] 19 (1910), I, 218; Oliveri-Mandald, Atagna, Gazz. 40, II, 441; Oliveri- 
Maiidald, Gazz. 41, I, 59]: 


.N 

(a) C=NII + HN< i| 


(b) 


/N 

C=NOH + ]rN< II 


■N‘ 


yN<l| 


HC:<y ''N 
^NH J 

'N‘ 

. xil 

IICC ''N 
-NOH J 



/N-N 

HC< II 

^N(OH)-N 


(Sa) Pri)in imide oiiloridos and Mimilar ecimpounds with sodium azide, also 
by primary formation of imidazidos (Forskr, J. 95, 184; Schrocler, Ber. 42, 
3359): 


^NCellii 


NaN. 


r /N-l 

L 


CoHr.c/^ 


■N- 


-N 




N(C6H6)-N 


In the caee of guanyl azide (carbamide imide azide), NH 2 C(:NH)N 3 (from 
aminoguanidine and nitrous acid), the ready conversion to aminotetrazole has 
been observed {Hantzachf Vogt, Ann. 314, 339). 
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(Sh) By the ac^tion of hydrazoic acid on many acid amides and lactams or 
their reactive enol forms in the; prestmee of concentraled IBSOi or other acids 
(r/. Schmidt, Ber. 57, 700; U. S. Pat. 1504631, 1925): 


yClh Clh ■ con 
cn< II + N,n 

^CHi-CHj—N 

e-Aminocaproio acid lactam 


CH/ I >N 


c:H2C11>N—N- 


6,7,8,9-Tetrahydro-5-a2epotetrazole, 
pentarnethylenetetrawole (Cardiaiole, 
M ctrazole) 


Many kiitoiH's road with Iwo molooular iiroportions of liydrazoic acid to give 
lotrazolos, first formin^^ acid amides which road, widi moj‘(‘ according to the 
above equation (Scliynidt, B(U’. 57, 700). 

(8) From liydrazidiiH^s (amidrazonos), such as honzliydrazidino {Pin.urr, 
Ih'r. 27, Q95; Ann. 297, 229) and dicyanoplamylhydraziiK' (lUddin, Ih^r. 19, 
2598), by tnaitnuait with nitrous acid, analogous to 1 h(^ formation of triazolos: 


CN ( NI rC^J 15 CK ‘( 

I + ^T04I -, I >\('df5 

NIF N---X/ 

Dicyanoplionylliydrazine 2“Phenyl-5-('yaiio-2,1,3.4-tcf razole 

(4) From amidinos by tlio action of nitrous acid, followed by reduction of the 
Ho-call('d dihydroxytotrazotic. acids first fornu'd {Pinner, H(‘r. 27, 994; Lassen, 
Lassen, Ann. 263, 101; Lassen, Statius, Ann. 298, 90): 


C^cH5(V.-.X]T 

nU 

Benzfvmidine 


H NO? ^ ^ 

-I (?) 

N=.\.OlT 

Diliydroxy tctrazotic acid 


dJl5 (^=-N 

I 

N--=N' 


> 


NH 


fi-Idienyl tetrazole 


(5) By cond(msation of triazobonzeiu* with iihonylli^’di’azoiH's of aldoliydes 
by ineaivs of sodium alcoholati* in alcoholic solution, anilini' being eliminated 
[Dimroth, Merzhacher, Ber. 43, 2899): 


CIFAdriN-NHConr. 
_j_ N—N-NC^dF 

I_I 


CIIrCrN-NilBConf. -r.iur^n, CHaCrN. 

I ..J L... --0 I >NC.H. 

N:N:Nn(:«lh.: N:N/ 


This synt hesis is analogous to the preparat ion of 2,1,3-triazoles from osazones 
(p. 147)'. 

(6) By the action of alkalis on th(‘ diazohydrazides formed from mono- 
and diai^ylhjulrazines with diazoniurn salts (Dimroth, de MontmoUin, Ber. 43, 
2904): 


NIB 


NHAXXTl 


+ CoTTf^N.Cd 

3 


NHNrNdcHr. 

NH-dOClB 


N-=N 

N=C(CH3) 


> 


NOeH 




(7) By oxidation of suitable tetrazolium compounds, the oxidation products 
of formazyl compounds (Vol. Ill, p. 312). 

Behavior .—The tetrazole ring, containing four N-atoms and one F-atorn is 
generally more stable than the pyrrole ring and the azole rings containiiig h^ss 
nitrogen. For example, as in th(‘ case of the pyrrohns and azoles, the N-pluuiyl 
derivatives of tetrazoles caJi be converted to tetrazoles, by nitration to N-nit,ro- 
phenyltetrazoles, reductifui to N-iiininophenyltetrazoh's and oxidation. Unlike 
the slightly basic pyrrole and lower azoles, tetjazole is strongly acid, due to the 
influence of the N-atorns. While pyrrole is in many respects similar to phemd 
(p. 28), tetrazole is comparable to trinitrophenol. The silver and copper salts 
of tet razole detonate violently when heated. Th(‘ tetrazoles and their salts (Pb) 
are used in priming compositions (Ger. Pat. 370574, 1920; Brit. Pat. 201009, 
1922; U. S. Pat. 1580572, 1922). 
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TETRAZOLE, m.|). 156®, sublimable, is obtained: (/) from hydrazoic acid 
and hydrocyanic acid (Ger. Pat. 590396, 1922; P"rdl. XIV, 349); {2) by treat¬ 
ment of diazotized aminoLetrazole with alcohol (Thiclr, Ingle, Ann. 287, 243); 
(3) by oxidation of ti'trazolethiol with nitric acid; (4) by oxidation of 2-(4'- 
aminoph(‘nyI)-2,l ,3,4 4etrazole-5-carboxylic acid {Blndin, Ber. 25, 1412) and of 
l-(4'-aniinoplumyl)-! ,2,3,4-l-etrazol(' {Freund, Paradies, Ber. 34, 3120); {5) by 
oxidation of di-p-bydroxyphenyltetrazoliiun betaiiu* (p. 174); and [6) by the 
oxidation of tetrazolofaJquinoline, the so-called naphthoU'frazoh' (Marekivald, 
Meyer, B(‘r. 33, 1S90). Sodium salt, ('N 4 lINa + HoO; barium sail, (CN 4 H) 2 Ba 
+ 3 V 2 fljO. Wh('n h(‘at(Hl with conceiitratial hydrochloric acitl tc(raz(>l(' d(^- 
compos(‘S into ('(b, N^, and 2 NII 3 . 

5-Phenyltetrazole d(!conipos('s into diphenyltriazoh^ (p. 155) and diphenyl- 
tetrazine (p. 324 and Lassen, Statius, Ann. 298, 96) when candully luaitc'd to 218®; 
it is prepared from bimzylidtaiediliydroxytetrazotic acid (u* from bcuizylidene- 
hydrazidiiK'. 5-Tolyl-, 5-furyl-, and 5-anisyltetrazole art' obtained from the 
corresiiondin^^ hydrazidim's or arnidiiu's {Pinner, (Uiro, Bct. 28, 465; Lassen, 
Kirschniek, Ann. 298, 105). 

1-Methyl- and 1-ethyl-1,2,3,4-tetrazole, m.p. 37® and b.p. 156® (14 mm.), 
from the isonit.rik^s and hydrazoic acid. 7'h(‘ isomeric 2-methyl-2,1,3,4-tetrazole, 
m.p. 145°, is formed by nu'thylatitm of 5-cyanotelrazole (see p. 173) and re¬ 
moval of the cyano j>:roup. 2-Phenyl-2,l,3,4-tetrazole, GfiHf)* N-N:(ni-N:k, 
oil, from its carboxylic acid {Wedekind, Ber. 31, 94(S). 1-Phenyl-l ,2,3,4- 

tetrazole, GoHf, N-GH ; N • N: NT, m.]). 66®, from phenyl isocyanide and NJl, 
from diformvlhydraziiie and benztmediazonium cliloridt' in alkaliia* solution, and 
from its inercajitan by oxidation with chromic acid {Freund, Paradies, Ber. 34, 
3120). 1,5-Dimethyi-l,2,3,4-tetrazole, m.p. 71®, by treatn>en1 of acet.oiu' with 

NsH in the presence of concentrated sulfuric acid (U. S. Pat. 1599493, 1926). 

l-Phenyl-5-methyl-l,2,3,4-tetrazoIe, G^HaN-GfC'H,) :N X :N, m.p. 97.5®, 
from acetyl - and diacidylliydrazine according to method G. 2-Phenyl-5-methyl- 

2,1,3,4-tetrazole, C' 6 H 5 -N*N:C(CH 3 )-NiN, m.p. 40®, by method 5, 1,5- 

Diphenyl-1,2,3,4-tetrazole, CeHhN'(’(GeHf,): N -NrN, m.p. 146®, is pr(‘f)ared by 
the reaction of benzanilide irnidi' chloridi' with sodium a/idi' (Vol. Ill, p. 307), 
from IxuizoylhydraziiK' and benzmiediazonium chlorid(‘ by nu^thod 6 and from 
the reaction product of bi'nzophenoiK' chloridi^ and sodium azide by a shifting of 
atoms similar to the Birkmann rearrangi'iiK'nl {Maneliot, Ber. 43, 3359). 2,5- 

Diphenyl-2,1,3,4-tetrazole, CVJTsN-N :GfGnHft) • N: N, m.]). 107®, is obtained 
from b(;nzald(4iyde ph(mylhydrazoii(' and plumylazidii, liy oxidation of p-hydroxy- 
phenyldi])henyltetrazolium hydroxide with KMnOj, and by oxidation of guanazyl- 
.N.NH(CN,H3) 

benzene, CellsGcf^ (from benzalaminoguanidiiu' and benzeiuali- 

\N:NCflTT:, 

azonium chloridcO, with N 2 O 3 or nitric acid {Wedekind, Bit. 30, 449); it is a 
very stable compound {Wedekind, Ber. 29, 1854). Bitetrazole, (GHN 4 ) 2 , m.p. 
254®, is prodinxxl by oxidati»)n of the addition product of cyanogim and hydrazine 
with N 2 G 3 {Angeli, Gazz. 23, 11, 101 ) or by oxidation of the reaction jiroduet of 
cyanotet razoh' ami hydra,zin<' with HNOo {Oliveri-Mandalci, Gazz. 54, 774; cf. 
Lifsehilz, Donath, Bee. 37, 270). 

5-Chlorotetrazole, rn.p. 120® (dec.); 5-bromotetrazole Brr.dIN 4 , m.p. 156®, 
from cyanogen bromide and hydrazoic acid or from 5-aminotetrazole {Stolid, 
Ber. 62, 1123). 

5-Aminotetrazole, aminoieirazoiic acid, C(NPl 2 )N 4 H -f H 2 O, m.p. 199® {StolU, 
Ber. 62, 1120), is formed from guanidirwidiazonium nitrati* with HNO 2 , after 
primary formation of guanyl azidi' (carbamide imide azide) (Vol. I, p. 516), or 
from dicyandiamide with aq. hydrazoic acid {SlolU, loc. eit.). Aminotetrazole 
can be diazotized in aind .solution like a primary aromatic amine {Bulow, Ber. 42, 
4436; StedU, Ber. 62, 1122); the tetrazolediazonium sulfati' solution undergoes 
the usual conversions of aromatic diazonium compounds (6-hydroxytetrazole, 5- 
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b?’()iiiof-(‘traz()Io, etr.). Wh(^n roduood, diazotized aininotetrazok' gives 5- 
hydrazinotetrazole, (kNHNIT 2 )N,H, m.p. 199° (de(^). The latter is converted 
i)V HNO 2 to 5-triazotetrazole, (kNsiNdt, a crvsiailim^ substance, extremely ex¬ 
plosive* ( Thieley / nglfy Ann. 287, 238). ()xidatie)i» of 5-aininote'trazole in stremglv 
alkaline solut ie)n with KMnOt give‘s salts of azotetrazole, (IL\.(’)N :N(CN,if!) 
{Thich'y Ann, 303, 57), whie*h is unstable in the freu^ condition, is split by luineral 
acids to hydrazinototrazole, nitroge*!), ami formic ae*id, and is reehice'd by x\Ig- 
powde'f to hydrazotetrazole, (1 lN 4 (-)Isni • NH(("NiH), a white* pe)wd(*r VA'hich e*x- 
pl()de‘S whe*n heat ('el. \Vhe*n solutions e)f hydrazotetrazole* e)r azototrazole art* 
tre'ate'd with bromine, nitrogt'n is e'volved and lirst 5-(dibrome)m('thylene- 
hvdrazino)-t(*trazol(* (I), m.p. 177°, is forme'd, and later isocyane)t(*trabromide 
(II), m.p. 42° (c/. Vol. I and Thiele, Ann. 303, 57): 


(IIN4C)N:N((4NJI) 


(lI\4C)A^r-N:(dlr2 


(tl) 

IWliNNiCBrj 


5-Aminott*trazole* is transforme'd into 2-rnolhyl-5-ac,etylairdno-1,3,4-oxadiazole 
wtiem boilt'd with acetic anhydride fen* a lone; time (Stolid., Her. 62, 1119). 

2-Phenyl-5-amlino-2,] ,3,4-tetrazole, CVHf,NII •CN 4 ('6lir,, m.j). 103°, and its 
homologues are obt.aint'd fremi aininodiarvlguanidiiu's with AAlg (Busch, Bauer, 
Ben*. 33, 1001). 

1,2,3,4-Tetrazol-l-ol, from fulininic acid and N;hH (^5)1. I, p. 294), elec,e)mpe)se8 

at 145° wdth a flash. 5-Phenyl-1,2,3,4-tetrazol-l-ol, HON• C(CeHi,):N• N:N, 
rn.p. 121° (dec.), is pre^pared from benzohydroxarnic acid chloride* and sodium 
aziele, and from be'nzejylhvdrazirie oxime* with HNOj, presumably after inte‘rniedi- 
ale formation of the unstable* b(3nze)hydroxamic aciel azide, 

1-Phenyl-1,2,3,4-tetrazoI-5-ol (or tautome'rie^ Idrm), (idUN 0(011) :N • N: iSy 
m.p. 187", from hydrazoforinic acid est(*rs by methoel 6. 5-Alkejxvt('trazol(*s are 
produced by the* action of hyelrazoic acid on az()fe>rmi(* acid e'sters (V5)l. 1, ]). 504). 
Foj' the* course* of the* reaction, .s(*e StolU, Adam, Her. 57, 165b. 

5,5'-Bi(l,2,3,4-tetrazol-l-oI) cxpleules at 176° and when rubbed vigorously; 
it is pre^pared fremi oxalhydrazide oxime and nitrous acid {WuiarnJ, Ri'r. 42, 
4201): 


IIONv /NOH 

NIUNIK XnIINH. 


N ..03 N-N(OH)x .N(0H)N 

/X - c< II 

-N 


N- 




5-Cyanotetrazole is obtained w'hen gnseous elicyanog(*n is pa.sse*d through an 
aepit'ous solution of hyelrazoic aciei, according to eeiuation la (p. 170). 

5-Tetrazolecarboxylic acid ethyl ester, (OOOCUHOONAH, m.p. 86°, from 
e^yanoforrnic acid e3ste*r anel N^H, yields tetrazole when saponified. 2-Phenyl- 

2,1,3,4-tetrazole-5-carboxylic acid, 06H6N N:C(C02H) N:N, m.p. 138°, is 
formed by saponifie^jition of 2-phenyl-5-cyanotetrazole (p. 171), from glyoxylic 
acid pheniylhydrazone by method 6 and freirn 1-phenyl-4-(b('nzoylisonitroso)- 
1,2,3-triaze)l-5-one (p. 150) by rearrange'inenit in cold aeiue'ous sodium hydroxide 
solution (D'hnroth, Dicnslhach, Her. 41, 4055): 


/N-===rN 

< I 

X)0-C:N0()0(UH5 


/N-=N 

CfiHftNX I -f C6TT5CO2H 

\N=-C(X3,JT 


5-Tetrazolethiol (or tautome^ric form), m.p. 205° (dec.), is obtaiimel from its 
methyl ether, CH 3 S-CN 4 IT, m.p. 151° (dec.), by he*ating with hydrieidic acid. 

/NH* 

The ether is prepared from methylthiosemicarbazide, CH 3 SC<x , with 

^NNH, 
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N2O3. The mereaplan is oxidized by nitric acid to tctrazole and by KMn 04 to 
tetrazolesulfonic acid, (•(803H)N4H, which is converted by alkali fusion to 5- 
tetrazolol (or tautomeric form), C(OH)N 4 H, m.p. 254® {Freund, Paradies, Ber. 
34,3110). ,-, 

1 -Phenyl-O-tetrazolethiol (or taulomeric form), ITS • C: N • N : N • N • Cells, m.p. 
]47”ir)()® (dec.), from thiocMrbauilyl Jizidc; by boiling with sodium carbonate 
solution {Freund, Jlcmpel, B(‘r. 28, 78; OUveri~Mandald , (Jazz. 44, I, 670). 
Oxidation with KMnOi giv(‘s 1-phenyltetrazolesulfonic acid, C(S 03 TI)N 4 C 6 H 5 , 
from which th(^ sullb group is split by heating with IK3, leaving 1-phenyl-1,2,3,4- 
tetrazol-5-ol (p. 173). 

TETRAZOLIUM COMPOUNDS art' obt ained by the oxidation of the usually 
highly colored forrnazyl dcu'ivativcs, as the /^-tctrazines are prepared from osazones 
(p. 323): 


/N-N1I(VU 

HC<f 

\N;NCelIs 

Forrnazyl hydride 


.N-NC.IU 
• lie/ I 

\N:N(OH)CeH5 

Diphenyltetrazoliurn hydroxitle 


For tlu' (dh'ct of substitiamts on this ring-closure, se(^ Wedekind, Slanine, Ber 
31, 1746. Th(‘ oxidation is biNst a,ccom))lish(‘d with amyl nitritt' and hydrochloric 
acid, which gives tlic; salts; th(‘ fn^c. O.'trazolium compounds result from the 
oxidation with inca-ciiric oxide in alcohol. Lik(‘ all ammonium hydroxides, the 
t(4,razolium hydroxides aj'c strong bases. Whem reducial with ammonium sulfid(‘, 
th(‘y an? convertcHl back to forrnazyl cfunpoiinds. 

Diphenyltetrazolium chloride, CriN 4 (('6H&)2('1, m.j>. 268° (dec.), is formed 
by the decarboxylation of diphenylcarboxytetrazoliixm chloride, C’N 4 (F 6 n 6 ) 2 C] •- 
COOTI, m.p. 257° (d(‘c.); the ('st(‘r of this acid is prepannl from formazylcar- 
boxylic acid est('r and, like the acid its(4f, is easily conv(Tl(Hl to a betaine (I). 
(Dihydroxydiphenyl)-tetrazolium betaine, m.p. 179° (d(a*.), obtaiiKui by the 
sam(‘ metliod, eaji lx; oxidized to t(4Tazole (c. Pcchnuinn, Wedekiyid, Ber. 28, 
1693), u Inch is evidence of relation betw(‘(‘n the tetrazoles and the tetrazolium 
compounds. Similarly, (p-hydroxyphenyl)-diphenyltetrazolium chloride gives 
diplumyltt'trazoh' {Wedekind, Ber. 29, 1852). Carbethoxybiphenylenetetrazo- 
lium chloride (?) (11), from e-vcloformazylearboxylic acid ester (?) {Wedekind, 
Ann. 295, 335): 


( 1 ) 


.N-NC.VJb 
c/ 1 
I \n=n(;ji6 
I I 

CO—o 


N-N--CeH4 

uo2(;-o<f I 1 

\N=NCl--06n4 


(ID 


Th(? physiologically important pentamethylenetetrazole, 6,7,8,9-te/rn/?/ydro-5- 
azepotelrazole, metrazole, cardiazole, m.p. 58° (formula: p. 171), is produced by 
the action of excess hydrazoic acid on cyclohexanone {Schmidt, Ber. 57, 704; 
U. S. Pat. 1599493, 1926). It is us(;d as a substitute for camphor. For its action 
on the' c(;n(ral nervous system, se(i Hildchrandt, Arcli.(;xptl.Path.Pharm. 116 
(1926), 100. 

Oth(‘r condiaisi'd bicyclic derivatives of tetrazole are obtaiiu'd from a-hydrazino- 
pyridiiK', and tc'tracyclic di'rivatives from 2,7-dili3Hiraziiio-l,8-naphthyridino 
with niti’ous acid {Seide, Ber. 59, 2465). 


Pentazoles 


Attempts to syntliesize the pentazole ring have not bt^on successful {cf. Cur- 
tius, Ber. 48, 1614). 

A derivative of the corresponding pcntarsenole has been prepared: penta- 
niethylpentarsenolane {Auger, C.r. 138, 1705). 
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D. SIX-MEMBERED HETEROCYCLIC 
COMPOUNDS 


L SIX-MEMBERED RINGS WITH ONE HETERO 

ATOM 

1. SIX-MEMBERED RINGS WITH ONE O-ATOM 

A number of compounds wl)ich belong in this class have been de¬ 
scribed in Volume I together with the aliphatic compounds to 
which they are related. Such compounds include the anhydrides of 
1,5-glycols, the 5-lactoncs, such as ^-valerolactono, and the an¬ 
hydrides of glutaric acids, for example: 


yClh CH,. 

EllZ >0 

T(!tTaljiydr(){wi’‘iiJ 


CU/ >0 

5-Valcr()lactone 


/CIT 2 -COv 

Cll2< >0 

^crr. -ciV 

( Jluiiiric aiihytiride 


(a) Pyrans and Pyrones 

The compounds to be treated in this volume are characterized by 
having rings containing two double bonds: 


(4] 

[6] II(^ CU [31 

II II 

(6] IK’ CU [2] 

\o/ 

(1) 

1 , 4 -P.vran 


[4J 

/ '^ s 

(&] UC CU [3] 

II K 

[6] UC CU [2] 

\o/ 

ll] 

1,4-Pyrone 


cAi 

i6j ik: cji |3) 

il I 

16 ) no ciij 12 ) 

\o/ 

Ill 

1,2-1’yran 


[4] 

16) HC; CH (3) 

II I 

16) HO CO 12) 

\o/ 

[ 1 ) 

1,2-Pyrone 


These compounds also contain a CH 2 - or a CO-group, which is 
the reason that they i*esemble unsaturated aliphatic compounds in 
behavior; none has an aromatic character. 

One of the striking properties of the pyran and pyrone ring system 
is the ease with which salts are formed with mineral acids; it is the 
oxygen in the ring which causes the basicity. Such oxonium salts 
have been prepared in large numbers from 1,4-pyrans; they are 
called pyrylium compounds (or pyroxonium compounds): 
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H(J CH 


I) I 

lie OH 

\o^ 


ei 


PyO'liuni 

chloridi* 


A goiK'raJ ririg-.synthotie rnothod for tlie preparation of pyryliurn 
compouiuls is known only for the aryl derivatives. They are ob¬ 
tained: 

(/) From aromatic methyl ketones and benzaldehyde by the 
condensing and oxidizing action of concentrated H 2 SO 4 (Dilihey, 
Lastj J.pr, 94, 50; Diltfiey, J.pr. 95, 107) or of acetic anhydride and 
siibliirual ferric cliloride (Diliheyy Burger, Ber. 54, 825; Schneider, 
Ross, Ber. 55, 2775): 

CidU 


I Ji 

CVCo1T5 

\o^ 

h 

2,4,r)*Triphenylpyryliuiii chloride 


CoIUC^^O 


(\lh 

I 

(dta 0:CH 

I 


HCl 


(dia 

I 

ocejh 


(2) From acetophenone and acetic anliydride (containing siilfo- 
acetic acid). In this reaction acetophenone participates as dypnone 
(Vol. Ill, p. 578) {Schneider, Ross, Ber. 55, 2770): 


CdU 


o 
II 

Cells-0:0 C-CIE 

lu/ 


Celle 

irc^ '^CH 

HOI I II 


/O’OIb 

i, 

2-M(‘t.hyl-4,()-diphenylpyrylium chloride 


The same typo of ring-closure occurs in the formation of 2 - 
methyl-4,6-di-m-tolylpyrylium })erchloratc from 2 mols toluene, 
acetic anhydride and 70% perchloric acid; first m-m(ithylaceto¬ 
phenone is formed, and 2 mols of this react with another mol of 
acetic acid (anhydride) according to the above equation {Diels, 
Alder, Ber. 60 , 716). 

The pyryliurn compounds so prepared are usually isolated as the 
FeCls double salts or as the perchlorates; they also form picrates. 
Pyryliurn compounds substituted only by phenyl groups are con- 
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verted by sodium acetate into colorless pseudo bases, pyranols, such 
as 2f4,6-trvphenyU2-pyranolf m.p. 119® {cf. Diltheyy J.pr. 101, 177): 


C^6H5 

I 

il I 

i 


Cells 

), 

II I 

UX\C\ 

\0/ I 

OH 


(\U, 

I 

UC' N!H 

^,11 


2 -Methyl derivatives, on the other hand, give blue-violet prod¬ 
ucts having a structure similar to quinhydrone, the pyranhydrones 
{Schneider, Ross, Ber. 55, 2777), Compounds having hydroxyl 
groups on the benzene rings form violones {Dilthey, Burger, Ber. 54, 
825). 

Many h(3Xoses may bo considered as pentaliydroxytetrabydropyrans. Accord¬ 
ing to a proposed system of noinenclatun' {Goodyear, Haworth, J. 1927, 31.S6), 
these hexoses, witii 1,5-oxid(3 links, ar(‘ known as pyranoses, to distinguish them 
from furanoses. This relationship with pyran is emphasized by th(3 manner of 
writing the hexose formulas proposed by Haworth (Hclv. 11, 534), which is illus¬ 
trated here for a-glucose (see also Vol. I, p. 090): 


OH OH 



a-Glucose 


Re})lac('ment of the CH 2 -group by the CO-group in the (corre¬ 
sponding pyrans gives 1,4- and 1,2-pyrone. 

[31 (21 

.CH==CHv 

iH oc< yd [11 

[B] [6] 

Id] [«] 

1,4-Pyrone 1,2-Pyrone 

The latter may also be considered as the lactone of a 5-hydroxy- 
diolefincarboxylic acid. 

The pyrones are readily split by hydrolysis. When warmed with 
ammonia they arc converted to pyridoncs (hydroxypyridines) (p. 
208): 


[B] [6 

C1I=-C1K 

PI CH< 

XUACTK 

[ 3 ] [ 2 ] 
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..CO/ 

] / 2 -]\yron( -r)-carhoxylic acid, 
(\)unia,li(^ acid 


^(C^OJl)=CHv 
CH< >NH 

x;ji-CO/ 

ITydroxynicotinic acid 


oc/ 

2,0-1 ,l-i)yr<)n(‘ 





XdT=-C(CH,) 



IjUtidoru^, 2,0-dimctiiy 1-4(1 )-pyi i(lono 


(a) T1 k‘ 1 , 2 -{>yj‘()iK's ari^ also known as counialins. 1 , 2 -Pyrone, cournalln, 
and 4 , 0 -dimethyl- 1 , 2 -pyrone, <hnicUiylt‘ouni(ilut^ ari' fornu'd from their carbox^dic 
acids: coumalic acid, /2-p!/r<nt-o-rarhoxyltc acid (lOhyl esUa', m.p. 34“), 

from malic acid with HjS 04 , and dimethylcoumalic acid, isodcfiydroacAic acid, 
4,C)-dijncUiyl-2-()X()-i,2~j>nrati-r)-rar(joJ'ulic arid, m.p. 155”, wlii(;h is obtained from 
accloac(^ 1 ,ic (‘st(>r wilh Il^SOt nr from t.h(‘ sodium di'rivativi' of acetoac(4,ic ('stcr 
and / 3 -cliloi‘oc.rotonii* .acid ('stia-; methyl (‘stcr, m.p. 07”, b.p. 107° (14 mm.); 
ethyl esti'r m.p. 25”, b.p. ItiO” (12mm.). When the esters are treat(^d with am¬ 
monia, aji addit ion eom[)ound containing; 2 moks of Nils is formed first; at higliiT 
temperat urt'S the nitro^^i'ii enters the ring (.see above), forming 3-earbethoxy-2,4- 
dimethyl- 0 ( 1 j-pyridoiui: 

oils -h: C(00,K) • (;((;Hs) :(:ii • ('O7lTI 


{Ant^chiKz, JdtidiXy Krrp, Ann. 259, 172; J*aid{j, B(‘r. 30, 483). G-Phenyl-1,2- 
pyrone, phenylcoumalin, m.p. 08”, occurs in C-oto bark; when reduced it forms 
5 -phenylvah‘rie mad, and when treatial with ammonium ac(4.ate it gives 0 -phenyl- 
2(J )-pyri(lon(i {Lchca, Her. 29, 11)73; Ciamiciaiiy Silher, Her. 29, 2059). 1 , 2 - 

Pyrone- 0 -carboxylic acid, rn.f). 228°, is })repared from oxalocrotonic acid with 
alkalis \Lapworih., Proc.(4i(‘m.Soc. 16 (1900), 132]. 3-Phenyl-1,2-pyrone-O- 

carboxylic acid ester, from 3-])henyl-2-propynylid(’nemalonic e.st,er {Claisniy 
Her. 36, 3C)71) . A seri(!S of 1,2-pyroue derivatives are obtained by condensation 
of a,cetylenecarboxyli(! acid esters wdth /3-diketones or /3-ketonic acid esters and 
sodium (‘tliylatii (Rahemann, Cunninglon, J. 75, 778). 6 -M ethyl-1,2-pyrone- 
3,5-dicarboxylic acid ester, m.|). 80°, by condensation of ethoxyrnethylene- 
malonic I'stcr wilh sodium acet-oaiH'tic estiT (Shtiomsen, J. 93, 1022). 

The following comiiounds are derivatives of l,2-pyran-2,4(3)-dione: 


HI 


[51 

/Ul 


m 

(4 k 


< v Jlv 

> 

C1U-(AV 


O [1] 


[31 [2] 


Dehydroacetic acid, 3~arctyl-()-rticthyl-] ,2-pnran~2,A{'^)-dionr {Bcnary, Her. 43, 
1070), jirepared by lioiling ac(‘toacelic (‘ster, by polymerization of ketene CTl 2 = 
CO (Staudifigrr, Klrvrr, Her. 41, 597), by the reaction of acetyl chloridi^ wiHi ter¬ 
tiary basics (Wrdeki/id, Ann. 323, 247) and by the action of IhOr, on boiling acetic 
anhydride {IHcU, Mcycrhciin, Her. 40, 302). It is also formiMl by decarlioxyla- 
tion of 3-acetyl-(>-methyl-2,4(3)-dioxo-l ,2-pyran-5-carboxylic acid, dxhydroacHo- 
carboxylic acid, wliich is obt,aim'd from ^-oxo glutaric acid with acetic anhydride 
{v. Rcckrnafin, Ncgcr, Ann. 273, 186). When heated with concentrated H 2 SO 4 
dehydroac(‘tic acid is conviu-ted into 3-methyl-1,2-pyran-2,4(3)-dione, triacriic 
acid, which regenerates d( 4 i 3 ^dro;icetic acid when h(‘ated with acetic anhydride 
and sodium acetatii ( Dicckmami, Jircest, Her. 37,3387). Other pyran-2,4-dion(‘.s 
hav(' beim produei'd bv tlu' act,ion of tertiiiry bases on monoalkylaci'tyl chlorides 
(IkWc/v/ad, Ann. 378,‘2(U). 

( 6 ) 1,4-Pyrones an* usually prepared by elimination of water from 1,3,5- 
triketones {Claisen, Her. 24, 111 ): 



CIl.COCO.H 

CH 2 COCO 2 R 


Xanthocheliclonic acid 


/CH--C—C^O^H 
\cti=(5—CO 2 R 

Chelidonic acid (see below) 
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By a similar reaction hcnzylidc'iioacolylpyruvic acid ( T) is transformed through 
the dibromide (11) into a derivative of 1,4-pyrone (III) ( Borschc, PeUr, Ann. 453, 
148): 

Ciu CO COJl 
CO 

(I) 

The l,4-{)yron(\s are readily (M>nv(‘rl.ed to t.riketones by alkalis. Although the 
pyrones contain a k('tone oxygen atom they do not react \\ith hydroxyl amine 
and the like. Th(;y do not. add halogen.s. A characteristic reaction is the forma¬ 
tion of salt-like addition products from pyrones, e.sjKicially dimet hy Ipyrone, and 
ac.ids or metal halides. These products readily dissociate into th(' original com¬ 
ponents. This property is evid(mc(‘ of tin; exist(aice of a tetravalf'iit oxygim atom 
in these compounds (Decker, v. Fclloibcrg, Ann, 364, 1 ; (Unnherg, Coer, Ann. 376, 
217). 

1.4- Pyrone, pgroconKinc, m.j). 82^, b.p. is obtained from its carboxylic 

aci(ls, comanic acid and (;h(4idonic acid, which los(' (X)^ when lu'ati'd (W iU^tdttcr, 

ntnniervr, Ber. 37, 8714). 1,4-B3n*one, which rnav be regarded as the an¬ 

hydride' of 67s(hydroxym('thyl(‘ne)-ac(4,one, (d I (()i I): ( 41 -('O-t 41 :(TI(OH), 
can be easily decomposed into derivatives of this ketone'; with jujucanis sodium 
hydroxide and benzoyl chloride it gives the 0,0'-dibenzoyl derivative, with 
pot assium methylate, the K-salt of the^ monomethyl ether, CTlaOOll: (T1C0C41: - 
CHOK, and by acetylation wit h orthoformic acid ester and hydrochloric acad, th(3 
he^xaethylacetal of /H-oxo glutaraldehyde, ((hlTsO)/'!! •Ono-CXOO^Hi)^^^'- 
041 ( 002115)2 (<'f- the fission of furan to the t.etram(4,hylac(4.a1 of succinaldehyde, 
p. IG). Tyrone (!an be naidily regeneratc'd from the (lerivat-ivi's of /> as (hydroxy- 
iiK'.thylene)-acetone (WillHUiUcr, Punmienr, Ik'r. 38, IlGl). Mono- and di- 
bromopyrone, m.p. 114° and 157°, are produced by th(' actior) of undiluted bro¬ 
mine on pyrone (Fcid, Jiatnri, Ik'r. 38, .35()2). 2,G -Dimethyl- 1 ,4-pyrone, m.p. 

132° (sublimes even at 80°), b.p. 248°, is formed wluai d(4)ydroac('tic acid is 
heatecTwith Til or, better, with hydrocdiloric acid (pn'paraiion : WilUlxiitcr, 
Pmnmcrcr, Ber. 38, .14G5), and also from its diiairboxylic acid (s(;(' below) (Feint, 
Ann. 257, 253), tlydrochloride ( 7 H 8 O 2 HOI 4- 21420 , m.p. tS5°, anhydrous, 
m.p. 154°; chloroplatinate, (CXHR02)2ll2Tt0l6; oxalate, ((.VHh 02 ) 0204 H 2 . 
When boiled with barium hydroxide it yields dia(;etylac('t.()ne, which can be 
converted directly back to dimethylpyrone. With methyl iodide it giviw dirnethyl- 
diacotylacetone, which coruhmsc^s to tetramethyl-1 ,4 -pyrone, m.p. 92°, w^hen 
warmed with hydrochloric acid [Collie, Steele, Proc.Chem.8oc. 16 (1900), 1461. 
When heated with ammonia dimet hy Ipyrone forms lutidone (p. 178). 2-Phenyl- 
6 -methyl -1,4 -pyrone, m.p. 88°, and 2,6-diphenyl-l,4-pyrone, m.p. 139°, are 
obtained by condensation of phenylpropiolic acid ester with acetone and atteto- 
phenone (Ruhemann, J. 93, 431). 

3 -Hydroxy- 1,4 -pyrone, pj/rormne.nic or pyrom.ec.otnc arid, m.p. 121°, b.p. 228°, 
is prepared by distillation of its carboxylic acids, comenic and nieconic acids. 
With bases it forms unstable salts. Witli N 2 O 3 it gives an isonitroso compound 

XJOCflov 

derived from the tautomeric keto-Unin, OC\ V); this isonitroso deriva- 

\CH:C4K 

tive can be transformed to 2 ,4 -triltydroxypyridine, pyromeeazonic acid [Peratoner, 

Atti accad.Iiincei [5] 11 (1902), I, 3271. 2-MethyI-3-hydro:i^-l ,4-pyrone, 
maliol, m.p. 159°, has betui found in the needles of pine trees and in tlie bjurk of 
larches, and is formed in the roasting of malt [Peraloticr, Tamharcllo, Ber. 36, 
3407; Giorii.sci.nat.econ. 25 (1905), 272]. 

1.4 - Pyrone -2 -carboxylic acid, cotnardc acid, m.p. 250° (dec.), results from the 
decarboxylation of chelidonic acid; it decompoH(;s whoa bcukd with lime into 
acetone, formic acid, and oxalic acid, and reae.ts wit h ammonia to form hydroxy- 
picolinic acid (p. 217). 1 ,4-Pyrone-2,6-dicarboxylic acid, chelidonic acid, m.p. 
220°, occurs together with malic acid in celandine, Chelidonium mains (Lerck, 
Ann. 57, 274), and can be easily prepared by elimination of w^ater from xantho- 
chelidonic acid. It forms colorless salts. When warmed with alkalis it is con- 


C}U(X)-CO.M 

(io 

hHBrCHflr-CJTj 

( 11 ) 


ni==-cc'02T(, 
/ \ 

('() o 

/ 

('11=0 O.Ht 
(III) 
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vcTtocl into snlts of xanthoch(‘lidonic acid, which are yellow. Reduction yit^Ids 
7 -oxopirnelic acid, fiydrnrhelidotiic acid (Vol. 1, p. 625) and /^-piinelic acid. Am¬ 
monia hydroxy]>yridinedicarboxylic acid (p. 217). 

r)-Hydroxypyrone-2-carboxylic acid, conirnlc acid [Prralortcr, Palazzo^ Giorn. 
Kci.nat.(‘c,on. 25 (1905), 45], from nieconic acid, reactn with ammonia to form 
dihydroxypicolinic or conaaiamic acid (p. 2l7), which can also b(‘ obtained from 
5-hydroxypyrone-2,6-dicarboxylic acid, ineconic acid, C{,H(OH)((X) 0 H )202 + 
which occurs in r)pium, bound to morphine {How, Ann. 83, 552). It 
loses C'Oi readily ; ferric oxide colors it dark nal. Hie constitution of this acid has 
be(‘n determined from its decomposition products with barium hydroxide {Pern- 
ioocr, Lconardi, Gazz. 30, T, 559). 

2.6- Dimethylpyrone-5,5-dicarboxylic acid; its ethyl (vster, m.p. 80°, is pre¬ 
pared by elimination of water from rr, 7 -diacetyl-/ 8 -oxo ghitaric acid ester, CO- 
|CII(G 00 R)(X)CIT 3]2 {Conrad, (hdhzcit, Ber. 20, 154; l^eratoner, Strazzeri, 
Gazz. 21,292). 

Tetrahydropyrone derivatives n^sult from the condensation of |S-oxoglutaric 
acid esters with aldehydes in the presence of hydrochloric acid (Petrenko-Krit- 
ffchniko, Slanischcwsky, B(‘r. 29, 994; Pctrcnko-Kriiachcnko, Arzihaschcjf, Ber. 
29,2051): 

XniACiUi) /G11((X).,R) - (dl(C^JB)v 

OG< -f-2 0(5I(yb> -> 0(:< >0 

MiihicoM) ^cii(C02R) - cn{(\uy 

2.6- Dimethyl- and 2,6-diphenyltetrahydropyrone-3,5-dicarboxylic acid diethyl 
ester, m.p, 102° and 115°; the free acids can be decarboxylated to tetrahydro- 
pyrones, whic^h are easily converted by mineral acids to diolefin ketones. 2 , 6 - 
Diphenyltetrahydropyrone, m.p. 151°, pives dibenz lacetone. Unlike the py- 
roruxs the tetrahydropyrones yield oxime^s imm<'diately {Petrenko-Kritsekenko, 
PLotnikoJf, B(^r. 30, 2801; Petrenko-Kritschenko, Jh‘r. 31, 1508; 32, 809; Pe- 
treidco-Kritschcnko, Uosenzweig, Ber. 32, 1744). 2,6-Diphenyl-3,5-dimethyl- 
tetrahydropyrone, C 5 H 402 (C?T 3 ) 2 (C 6 H 5 ) 2 , m.p. 106°, b.p. 256° (20 mm.), is 
formed from diethyl ketone with 2 molar proportions of Ixaizaldehydo in the pres- 
etice of alcoholic alkali ( Vorldndcr, Hobohm, Ber. 29, 1552). 


(b) Benzopyrans and Benzopyrenes 

The benzopyrans are dorivt'd from the monocyclic pyrans, and the benzopyryl 
um compounds, from the pyrylium compounds; 



Ux „ M 

f 


U\„ 

V 


1,2-Benzopyran 

1,4-Ben zopyran 

1 

X 

Benzopyryliurii compound 


{1) For the preparation of beiizopyrylium compounds, which are the most 
important members of this group, gaseous hydrogen chloride is allowed to act on 
the ether solution of aromatic o-hydroxyaldehydes and a-substitut(?d /3-oxo car¬ 
boxylic acid esters, 1 ,3-diketones {Chatterji, Ghosh, J. 113, 444) or keton(‘.s of the 
type of methyl ethyl ketone [Decker, v. Pellenherg, Ann. 364, 21; De, Quart.J. 
Indian Chem.Soc. 4 (1927), 23, 137]; 

0 /CH:O nOOD-COOGjlU hci 

OH 

Salicylaldehyde Subst. acetoacetic ester 
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on 


Subst. benzopyrunol 





Subst. bt‘iiz<>p,vr.\ liuin 
chh>nde 


(S) Rz~lly(lroxyl)enz()])yrvliuin sjilts aro formod I’roin jHjlyhydric*. })hcriuls 
with h^'droxyl groups in the 1 ,d-})osition and aliphatic, l,3-dik(‘tones under the 
influence of hydrog(jn chloride: 


HOil JOIl 


+ 


I 

IKKV. 

I 

0:(^CH3 


(dT3 


\UM 



2-P/icnylb(‘nzopyr(irif which is also calked flavene, and t he 2-phi‘nylb(‘n/oi)yryl- 
iurn or flavyliuin compounds are of especial significance: 

‘ 1 

C-Cells 



V\ 0 /"• 



18) • y (6T-T6'I 

X HI 

Flnvyliuin rompouJulH 


riavpiic 

F1ow(t [)igm(*nts are hydroxyl derivatives of this trinuclear ring system. 

Synthesis of Flnvyliiim Compounds. —{!) The first method of general appli¬ 
cability was found by Decker nxid v. Fellcnherg (Ann. 356, 2S1; 364, 1) in the action 
of phenyl mag nest urn bromide on coiimarin or substituted coumarins: 



(2) Thp second method is derived frt)m tin? ring-s 3 mthesis given (p. 180) for 
benzop 3 ^ran. It consists in th(5 treatment of ether solutions of acetophenoiu) and 
aromatic o-hydroxyald(}hydes with g;is(^ous hydrogen chloride {Decker^ p. Fellen- 
berg, Ann. 356, 295; 364, 1; Robertson, Robinson, J. 1926, 1951; Irvine, Robin¬ 
son, J. 1927, 2080): 



II,(dl 
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fclubsi. bvnzopyrauol (paeudu-buMe) 
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(3) Flavyliutn cf)mpounds caii also be obtained by the second gjeneral method 
given on p. 18J for the synthc'sis of btmzopyrylium compounds, if benzoylacetone 
or derivatives of it are used in place of purt^jy aliphatic 1,3-diketones as the second 
component (TiuLoiv, Schmidy B(n\ 39, 214, 2027). 

The flavylium salts form characteristic double salts with a series of heavy-metal 
salts, su(4i as h'eCUa, AuCls, IlgCl^, CdCti, s])ariiigly soluble Pb-salts and picrates 
(KarrrVy WidmcTy Ilelv. 10, 9, 73), which can be used for their.isolation and 
identification. Wluai treated with alkali they are rc^adily conv(‘rt,ed to pyranols 
(see above). 

Benzopyrylium chloride, FeC-b doubles salt, m.p. 199°. 2-Methylbenzopyryl- 
ium chloride, FeCMy double salt, m.p. 118°. 2-Phenylbenzopyrylium chloride, 

JUnn/lliun chloride, m.p. 70°, doubh* salt, m.p. 121)° {Decker, v. FeUenherg, 

Ann. 356, 298). 2,3-Diphenylben2opyrylium chloride, FeC^s do\ible salt, m.p. 
124°. h\>r furdar benzopyrylium .‘i.od naphi hopyrylium (compounds, se(‘ Decker, 
V. Fellenberg, A/ni. 304, \7 Jf. 

3',4 '-Dihydroxyflavylium chloride (Robertson., Robinson., J. 1926, 1951); 
butinidin chloride, 7,‘d',4'~trih{/droj'gJlani/iinm ehloruie; apigenidin chloride, 
5,7,4 '-trihjjdroxLjJbiPtjlium. ehloruie; luteolidin chloride, 5,7,3 ',4 '-tetrahydroxy- 
ilavylvum chloride (Robertson, Robinson, J. 1926, 1951; Irnine, Robinson, ,T. 1927, 

■2()8r)). 

For deriv.'itives of 3-phenylbenzopyran, see Baker, Robinson, J. 127, 1981; J. 
1926,2713. 

The well-known flower pigments of th(‘ rose, of tin* cornflowiny of th(‘ p(4argo- 
niurn, and of the larkspur, ;is w(^ll as th(‘ pigrramts of the whortleberry and the 
grape, and many otlxa’s, an* hydroxyl derivatives (or, in some cases, methoxy 
derivativ(^s) of a, 3-hydrox3dlav('ne (formula., p. 181). The clarification of the 
constitution of these substam^es is du(^ to tlu' pioneer work of R. Witlstdtier (Ann. 
408, 1-162; summary: Ber. 47, 2865) and the more rec(Mit work of B. Karrer 
(Karrer, Widnier, Helv. 10, 5, 67; 11, 837; 12, 292; Karrer, et aL, Helv. 10, 729, 
750; K(irrer , Ft -h wa , lb ‘ 1 v. 11,916). 

Tiie pigiiK'nts occtir in t,li(' (lowers as glucosidos, sonudimes ('sta-rdi al with tan- 
ni(’ a(ad. ^ 'Flu' glucosidcvs an* called anthocyans. Th('S(* an* split by hvdro- 
chloric acid itil,o carbohydrates and the sugar-free components, tin* anthocyani- 
dins, wliich are obtained as oxonium salt.s. They were the start ing point for the 
analytical work. C'lues to the constitution of th(‘se ])igin(‘nts wen* obtaiiU'd tirst. 
from alkali fusion, and lat(‘r by h(*ating with 10-15% NaOIl or l()3o Ba(01l)2 
solution (Karrer, Widnier, Jlelv. 10, 5) or hydrog(*n p('r(jxid(', and pei jnethylation 
n,nd subs('Cjuent. s(‘l(Hdive hydrolysis (Karrer ei aL, Thdv. 10, 729). ()zonid(? 
fission : Karfur, Behwarz, Ilelv. II, 916. One of tla^ products of llu* alkali Hssion 
was phloroglueiiiol, and another was a hydroxy- or polyhydroxvbenzoi(t a(4d 
such as p-hydro\yb('nzoic acid, pro(o(;ate(4iuic. acid, vanillic acid, gallic acid 
syringic acid (4-}iydroxy-3,5-dimethoxyb(‘nzoic acid). In the anthocyans the 
lu‘xos(’ or disacch}irid(^ residue is attached to the hydroxyl group in the 3-pf)sition 
of (he p 3 'rylium I'ing, and the tannic acid radi(ial is substituted on the aromatic 
nucleus cond(‘ns(’d to this riiig (Karrer et aL, Ilelv. 10, 730). 

THE MOST IMPORTANT ANTHOCYANIDIN CHLORIDES. (For the 
formula and numbering of the flavylium compounds, see p. 181.) Pelargonidin 
chloride, 3,3,7,4'-tetrahydroxy/lavylin.m chloride, m.p. over 350°, from the pelar¬ 
gonium, aster, and dahlia (Willstditer, Ann. 408, 54), balm (Karrer, Widiner, 
Helv. 10, 67; 11, 837), and pomegranate blossoms (Karrer, Widmer, Helv. 10, 
76). Cyanidin chloride, 3,3,7,3',4'-'pentahydroxyflavylium chloride, m.p. 220°, 
from the rose, cornflower, and cranberry (Willstditer, Everest, Ann. 401, 227; 
Willstditer, Ann. 408, 12). Peonidin chloride, 3,3,7,4'-tetrahydroxy-3'-methoxy- 
flavylium chloride, from tlie pet)ny (Willstditer, Ann. 408, 136; Karrer, Widmer, 
Helv. 10, 8). Delphinidin chloride, 3,3,7,3',4',3'-hexahydroxyflavylium chloiixle, 
m.p. over 350°, from larkvspur (Willstditer, Ann. 408, 78; Karrer, Schivarz, Helv. 
11,916), whor(leb('rry, graphs mallow (Karrer, Widmer, Helv. 10, 5), and gentian 
(Karrer, Widmer, Helv. 10, 67). Syringidin chloride, 3,3,7,4'-tetrahy dr ox y- 
3' ,3' -di methoxy flavylium chloride, from tlie blue gr^e, the mallow, the cyclamen, 
and whortleberry (Karrer, Wulmer, Helv. 10, 5). Hirsutidin chloride, 3,6(or 7),- 
4'4ri hydroxy-7 {or 3) ,3',3'-trimethoxyflavylium chloride, from Primula hirsuta 
(Karrer et aL, Helv. 10, 758). 

For other anthocyans or anthocyanidins, see Karrer et aL, Helv. 10, 67, 758. 
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antliocyanidin chlorides are mostly r(‘d substances, which an' converted 
by alkali to the violet to blue j)ip:Tnent laises; th(' latt(‘r isoni(‘riz(? (luickly to (*olor- 
l('S.s psc'udo-bases. Jt is rejna.rkal>U‘ I hat the saiiu* pignaait is contaiiuai in the 
red rose and tlu* blue cornflower; the difTenuit shadi's aiH' function.s of tta^ liydro- 
^(‘11 ion concentration of tiu; c(‘ll sap (s('(‘ also Karrrr ci al., lIeI^^ 10, 7b3). 

Synthesis of the Anthocyanidins,-- The constitution of the flowc'r pifijments has 
been proved by the complete synthesis of the anthocyaiiidins. The older methods 
us('d the synthesis of flavylium chloride given on p. 181, witli p)hloroghicinaIdehyde 
as the aldehyde. This necessitates subsequent introduction of the 3-hydroxyl 
group {Wilhtdtter, Mallisoii, Sitz.-ber.kgi.preuss.Akad.Wiss., 1914, 709). 

It is better to introduce this hydroxyl group at the beginning, as WiUstdtter 
(Her. 57, 1938) did in the synthesis of cyanidin iodide: 


1^/011:0 

lUC^OClh 


Perkin 

-h 


nmetion 

^N)ii 

/C:0 

HO 


PliloroRluciu- 

Methoxyaoetic 


aldehyde 

aciil 



(CdlsIlJO Veratrvl- 

V’.()(ui 3 

ItoL i /CO 

Trimetliox.A’counjarin (uftor 
locthylaliorj with diazoiiiothaiie) 


/CH. 


llaCOt 



Pentaniethyl ether of the cyanidin 
pseudo-base 


HI, d 1.7 



(7vanidin iodide 

(Identical with the compound from the rose; 
Hobiri.v)n, WilUt&tter, Her. 61, 2504; Kuhn 
Wagner-Jauregy, Ber. 61, 2500) 


Another important synthesis of the anthocyanidin group was developed by 
Robinson and Pratt (J. 127, IGb, 1128). They used a-methoxyacetophenone 
derivatives in th(‘ flavylium synthesis given on p. 181: 


OH 


CH:0 


H 2 COCH, 




IICl 


OH ., 1 , 

A'/ ' 


Itol 


V\.o 


V-OJI on 


Phloroglucinaldehyde 4-Metfaoxyacetoveratrole 


(71 

Cyanidin chloride 
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For tlie Hynfhesis of aothocyaiivS with the sugar radical in the 4'-position, see 
Rohrrtmn^ Itohin.soKt 4. 1926, 171.‘E 

For f ile synthesis of s})iropyrans, see Lowenbein, Kaiz, B('r. 59, 1377; Diltheyy 
Wuhhf'M, Ber. 61, 963. 

The COUMARINS (I) and ISOCOUMARINS (II) are benzo 
derivatives of 1 ,2-pyrone. Tlie isoeouiiiariiis can be converted by NH 3 
with equal ease into benzopyridones or hydroxyisoquinoline deriva¬ 
tives, which is analogous to the conversion of the pyrones to pyri- 
dones. 


(1) 


C’fil ].><(* 


cu^cn 

I 

0 —CO 


/CII=CH 

(V>n< I (II) 

^CX) -() 


('Ouinarin and ils hoinoJtjgiHis havt* Ixaai tn'atcxl in VoJ, III as th(‘ lactones of 
o-hvdro\ycinrianiic acids. 

Isocoiunarins, the lactoiu^s of o-/3-hydroxyvinylbenzoic acids, are usually pre¬ 
pared l>y the following methods: (/) Beiizylidene- and alkylidenephthalides 
can be rc^arranged into isobenzylidenephthalides or isocoumarins {Pinner^ Jier. 20, 
2303; Rnficrnann, Ber, 24, 3973): 


/WllXVh 
(Vl4< >0 
MX) 

Ben z.^'ljdeiiepht halide 


xnb-(bcv>n5 

1 

MX)-() 

Bhenylisocoaniarin 


{^) Iso(x)urnarins are formed by the hydrolysis with acids of the condensation 
products of acid anhydrides or chlorides and o-cyano-a-tolunitrile; one cyano 
group is split oiT, and the other is hydrolyzed ((Riin'id, Neumann, Ber. 25, 3506; 
Gabriel, Posner, Her. 27, 827): 


( 6ll4<^ 


CH,((X\) 

t:N 


(RC(»2() 


C <)! 1 r 


•c:n 


X'R 

Ih XIR 


llaO 


CI1=C-R 


- 

I 

(X)--O 


Coumarinaldehydes are obtained by the Reimer-Tiemann method {Sen, 
Chakravariy, Am. 50, 2428). 


BENZOPYRANOLS. 


Beiizopyranols, which contain the grouping 



in place of the >(X-group of benzopyrone, are produced by condensation of o- 
hydroxybenzaldebydes and ketones by means of acids; they are the pseudo-bases 
of tlu^ benzopyryliurn compounds described above. 


XmO Chh yCU=Cll 

CXU<C 4-1 -^ Cell/ I 

^011 (X) • CH 3 X)-C(OII) • CHa 


The simplest beiizopyranols are unstable compounds. With mineral acids and 
metal halides, like xanthydrol and phenylxanthenol (p. 189), they form highly 
colored salt-like compounds, some of which are very stable {Decker, v. Fcllenberg, 
Ann. 364, 17; Gornherg, Cone, Ann. 370, 196). 

2-Phenyl-2-benzopyranol, from acetophenone and salicylaldehyde, is converted 
back to its components by aqueous sodium hydroxide. 2,3-Diphenyl-2-benzo- 
pyranol, m.p. 122°, from salicylaldehyde and dcsoxybenzoin. 

Among the benzopyranols are those dyestuffs which result from the condensa¬ 
tion of tiolyhydric phenols, such as resorcinol, pyrogallol, phloroglucinol, and 
hydroxynydroquinoiie, with /J-diketones: 




II 

OH 


CeHfCOCIE 


OCeHs 


X(C»H4):CH 
(HO),CeH< I 

^0-C(OH)(C«H») 
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Dyes such as phenacetein, resacetein, and orcacetein, which are prepared to¬ 
gether with hydroxyacetophenones (Vol. Ill, p. 351) by the action of acetic an¬ 
hydride and zinc chloride on phenols, are also benzopyranols (Hulmv, Wagner, 
]3(jr. 34, 1189; 36, 1941; BuUm, v. Sicherer, Ber. 34, 2368; Btilow, Grotowsky, 
Bor. 35, 1799; Billow, Riess, Ber. 36, 3607; Btilow, Sautermeisier, Ber. 37, 354; 
BiiUnv, Deiglmayr, Ber. 37, 1791; Bulmv, Schmid, 39, 850). 

BENZO- and DIBENZO-l,4-PYRONE are the parent compounds of a large 
number of yellow plant pigments {v. KosUinccki), some of which resemble the 
simple 1,4-pyrones (p. 179) in forming salt-like compounds with acids. 

/CO—CH 

1,4-Benzopyrene, C 6 H 4 <(^^ The parent compound of this group is also 


called chromone, while the 2-phenyl derivative is known as flavoiKi. Chromones 
and flavones are obtained; 

(1) From their 2-carboxylic acids, which result from the condensation of 
phenoxyfumaric acids in the presence of sulfuric acid (Huhemann, Stapleton, J. 77, 
1179; Ruhemann, Bausor, J. 79, 470; Ruhemann, Wragg, J. 79, 1185): 


C,U,OC< 


% 


coon 

cricooH 


o— c^coou 

< II 

ciT 


c,u 




o—an 


() -CII 

Chromone 


From /3-phenoxycinnamic acid ester, 2-phenyIchr()monc or flavone is obtained 
{Rnhenuinn, Ber. 46, 2188; 54, 912). 

(i?a) 2-Alkyl- or 2-aryIcliromones or 2-chromonecarboxylic acids are prepared 
from o-hydroxybenzoyl-/3-ketones and o-hydroxybenzoylpyruvic acid esters: 


yOll 

\COCn2COCll, 


yO -(^C11 

‘^CO -OH 


3 



on 

COClhCOCOOll 


/O— 
Cell/ II 
\(JO—c 


-(^COO]I 

Sn 


{2h) A similar synthesis consists in the treatment of o-hydroxyacetophenone 
and homologous ketones with acetic anhydride {Wittig, Bangert, Ber. 58, 2627, 
2636; Wittigy Ann. 446, 155): 



IIOCOCII, 

-CH 2 R 


C, 


.n/ 


0-C-CTU 

II 

CO ~C R 


(3) Flavone {2-phenylchronwne) is also formed from benzylidene-o-aci‘toxy- 
acetophenone dibromide with alkali: 


c.n/ 


-OCOCH, 

COCHBrCHBrCBlR 


O-C. Colls 

CoIlZ II 

^CO-CH 


Substituted benzylidcne-o-bydroxyacetophenones condense partially during 
their preparation and partially when treat^ with hydrochloric acid or aqueous 
sodium hydroxide to dihydroflavones or fiavanones (Lowenbem, Ber. 57, 1515): 

yOIl yO - CHC,lhiOCn^)^ 

(^2ll60CoH3< -> iC,\hO)C,n/ I 

^cocn:cnc,n,{ocn,)2 xt)— ciij 

3-EtlK)xy-3',4'-dlimetlioxyflavanorjo 

(4) A method especially adapted for the preparation of fiavanones (2,3-di¬ 
hydroflavones) and flavones comprises the reaction of cinnamicj acid chloride (for 
fiavanones) or of phenylproph|lic acid chloride (for flavones) with the methyl 
ethers of phenols in the presence of aluminum chloride {Simonis, Z.Angew.Chem. 
39, 1461): 
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(nc:0. 


x:m 


OH-CcHt 





Whori trented with hroniiiie and alkali, some substituted benzylidene-o- 
hydroxyae(‘tophenon(^s ai'e converted to flavones (JHuinstein, v. Koatanccldf Ber. 
33, 1478); others, when their dibromides are treated willi alkali, sive in place of 

/CO\ 

the flavones the isomeric benzylidenecoumaraiiones: CoHk ^CXJHCells 

(see page 55 ) {Emilewicz, v. Kostanecici, Bor. 32, 309). The dibromich^s of 
the bcaizylidenecouTiiaranones rearrange, m alkaliiui iiuHlium undc'r certain con¬ 
ditions into flavonols (formula, p. 188) (A/n/’rrs, Mullrr, Ber. 41, 4233). The 
cours (5 taken by this roacd.ion depends on various n^aclion (jondiliuns and on the 
substituents pre.scmt in the benz(‘iie ring (s(H‘ tin* sysUuiiatic investigations of v. 
AtiwerSf Arisc/rillz, Iha*. 54, 1543; also Rothlishcrgcr, llelv. 8 , 112). 

When heated with alkali tln^ Havonc^s are first split into o-hydroxyphenyl-/?- 

diketones, smdi as ; further decomposition inoceeds in two 

^C^OCIlA^OCoH, 

directions: into acetoidienone and n-hydroxybenzoic a(nd, and into o-hydroxy- 
acetoi)henono and benzoic acid {Koi^Uinvchi, Ta)nf>or, Her. 33,330). Hydroxy- 
flavonea and hydroxyflavonols, of which many are known (Bcrstain, FrascMiuiy 
V. Kostanccki, Ber. 38, 2177), generally dye alumina mordants yellow {Bonifazif 
V. Ko8ta?iecki, Tarnhor, Bt^r. 39, 80). 

A series of plant pigments are derived from flavone (see p. 187). The deriva¬ 
tives of 3-hydroxyflavone, flavonol, are better known. The introduction of the 
Oil grou]) in the 3-position during the syiitla^sis of th(' Havonol dy(‘s, fisc'tin, 
(luercetin, and kaempferol, takes place after tin' formation of the flavanone ring- 
system. With N 2 O 3 these flavanones yield isouiti’OxSo compounds, which decom- 
pos(; on hydrolysis into hydroxylamine and flavonols. The following ecpiations 
give these reactions for fisetin: 


A)-~ (Ai-i\lh(OC\hh yO - (dCJhiOCJh), 

CIEOColl./ I -^VAhOCAh< II 

Mt)(::(NOH) ^COCHOII) 


HOC, 


.0—C^CJ^,(OH)2 
■ 6 H 3 < II 
X:0 0(011) 

Fisetin 


Relation of Flavone and Flavonol Dyes to Benzopyrylium Compounds and Antho- 
cyanidins. —If the formulas of the flavone dyestuffs or of the flavonols are com¬ 
pared with those of the benzop>nylium compounds or anthocyanidins, it is ap¬ 
parent that, the latter are reduc'tioii prodinds of the former. This has been veri- 
foxi (‘xperimentally by the convtu'sion of flavone dyes to derivatives of benzo¬ 
pyrylium. { Asahina, Inubuse, Ber. 61, 1646) with sodium amalgam, and of quer¬ 
cetin, as an example of a flavonol dye, into cyarddin chloride with magnesium and 
acid (W illstatter, M alii son, Ann. 408, 27; Sitz.-ber.kgl.preuss.Akad,Wiss. 1914, 
769; WUlstditer, Ber. 47, 2874). Probably in the plants the flavones or flavonols 
are the forerunners of the flower pigments [cf, Noack, Z.Botan. 14 (1923), 1; 
Karrer, Schwarz, Helv. 11, 916]. The following equations illustrate these transi¬ 
tions : 
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1*1 x';a 



./Mil ^OH |4'| 

Apigenin 


8<uiiuni 

aiualKain 



Paeudo-baBe of apiRonidin 
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ilOlx 


M’-OIi 

JL.., 


OH 
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I 

Cl 

('yauidin cJiloiide 


>011 


] ,4-Benzopyrene, chromoNe, in.p. 59°, is obtaiiUMl by hoatinu; ils 2-carboxylic 
acid, rn.p. 251° (dec.), which is prepared from phenoxyfurnaric acid with concen¬ 
trated H 2 SO 4 and from o-hydroxyb(‘nzoylpyruvic acid witli hydrochloric acid (see 
above), 2-Methylchromone, rn.p. 71°, from l-e-methoxylxmzoylacetorK} with 
hydriodic acid by method ^ (see above). Many hydroxychromones hav(‘ been 
prepared by similar reai^tions (c/. tlie summary by Heywaiig, v. Kostanrrki^ Ber. 
35, 2890). T})(' metJiyl ^^roup in tlu' 2-position is very rixiclive, like the methyl 

group irr (juinaldiue. A 3,7-dihydroxychronione is formed by the action of air 
on an alkaline solution of brasilin. 

Chromonols (li-hydroj'ychrorfionr.s) are oblaiiax] from 2,4-diliydroxy-co~m(4b- 
oxyacelophenoiK' with acetic anhydridi* and sodium a(‘<‘lat(^ (Allan, liob/nson, J. 
125, 2192): 



OH HO^ 


CllaCOO 



X^O 

MVOCIH 

I) 

/0C:H3 

0 / 


2,7-Dihydroxychromone, rn.p. 249° (dec.). 

Tlu* 2 -y)h(“-fiyl derivativt's of »4-hydroxychromon(*, tlui flavonols (s(*(‘}). 188), are 
more important than the 2 -alkyl-3-hydroxychromones. 

Flavone, 2-phenyl-i,4-henzopyrone, 2-phenylchromone, rn.p. 97°, from benzal-o- 
acetoxyacetophenono dibromide and from l-o-hydroxyphenyl-l,3-butanediono. 
The farinaceous covering of certain types of Primula is almost pure flavone. For 
derivatives of 3-phenylchromone (Uollavouc) see Pargellini, Monti, Atti accad. 
Lincci {61 8 , 395; Baker, Pollard, Rohmson, J. 1929, 1468. Chrysin, 5,7-di- 
hydroxyflavmw (for the numbering of substituents, see above), m.p. 275°, occurs 
in the buds of various types of poplars and is synthc'sized by boiling the condensa¬ 
tion product of phloroacetophenone trimcthyl ether, benzoic ester, and sodium 
ethylate with hydriodic acid (Emilewicz, v. Koi^iaiiecki, Pamhdr, Ber. 32, 2448; 
V. Kostanccki, Lampe, Ber. 37, 3167). Apigenin, 7>,7,4'-irihydroxy flavone, m.p. 
347°, occurs as the glucoside apim in parsley arid celery, and is synthesized from 
the condensation product of ^loroacetophenone trimethyl etlier and anisic acid 
ester (Wahl, Ber. 33, 1988; v^ngerichien, Ber. 33, 2334; Ann. 318, 121 ; Breyer, 
V. Kostanecki, Ber. 38, 931). Luteolin, 6,7,3',4'-tetrahydroxyflavone, m.p. 329°, 
the yellow pigment of weld, limda luteola (cf, Vol. Ill, p. 578), is prepared by 
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coruk'iisation of phloroacotophenoiie trimothyl ether and veratric acid ester (v. 
Kostdnccki, Ndzycki, Tamhor, Her. 33, 3410; Dilicr, v. Koataneckit Her. 34, 1449; 
Fainlnrg, v. Knsiancclci, Her. 37, 2625). 

Eor arriinofiavoiKis s(^e Bogcrt, Marcus, Am. 41, 83. 

O-C-Cell, 

Th(^ following i^igrru'nts an^ derived from 3-flavonol, C 6 H 4 <f || 

^ 00 — 0 ( 011 ) 

bright yellow n(‘edles, rn.j). 170“, which is obtained by hydrolytic fission of the 


.0- VAl CdU 

isonilroso derivative of flavanone, | , m.p. 76°, prepared by 

boiling o-hj^droxybenzylidene-acctone with hydrochloric acid {v. Kostanecki, 
Szahranski, B('r. 37, 2819; lorinula, }). 186j. 'I'Ik; following are also (tailed antho> 
xanihins. Galangin, riJ-dihtjdroxif-,^-Jhtvo)iol, ni.p.218°,is found logether with 
ka(‘inpf('rol (s('e below) in the galanga root; synthesis: v. Koslanrrki, Lampe, 
Tamhor, Her. 37, 2803. Kaempferol, 5,7,4'-trihydroxy-3-flavonol, m.p. 274°, is 
a const ituent of the galmiga root and also occurs as the rhamnoside kaempferitrin, 
C 27 H 3 (,Oh, in Java indigo (Perkin, J. 91, 435) and as the glucoside rohinin in the 
leaves of PoHnia pscudamcia (WaLiaschko, Arch.Pharm. 247 (1909), 447] (syn¬ 
thesis: n. Kostanecki, Lampe, Tamhor, Her. 37, 2096; cf. Testoni, Gazz. 30, II, 
327). Fisetin (I), m.p. 330°, and quercetin (II), m.p. 314°; the constitution 
of these pigments, of which the former is obtained fr<jm the young fustic of 
Klius cotin,us and from the wood of quebracho Colorado (Perkin, Hummel, J. 69, 
1295), and the latter is obtained from quercitrin (Vol. Ill, p. 57S), the glucoside 
of tJie bark of q acre us tinctoria, was determined from their decomposition products 
and by synthesis (see above and v. Kostanecki, Lainpe, Tamhor, Her. 37, 1402; 


(I) HO [7 K^Jl 


0-C.C6Tl3(3',4'](OH)2 

C0-C(()H) 


(IIO),[o,7]Ceir,<^ 


o-0-(Vr3l3',4'J(OIl)2 

CO--C(OH) 


( 11 ) 


V. Kostanecki, Nitkmvski, Her. 38, 3587). Morin, 5,7,2',4'-tetrahydroxy-3- 
flavonol, m.p. 290°, from Morns tinctoria, is synthesized from the condensation 
product of 2,4-dimethoxybenzaldehyde with phloroacetophenorie dimethyl ether 
(t>. Kostanecki, Lampe, Tamhor, Her. 39, 625) or from w-methoxyphloroaceto- 
phenone with 2,4-dimethoxybenzoic acid anhydride (Robinson, Venkataraman, 
J. 1929, 61). Myricetin, 5,7,3',4',5'-pentahydroxy-3-flavonol, m.p. 355-360°, 
is a yellow dye obtained from the bark of Myricn nagi (Perkin, J. 81, 203). For 
other yellow dyes of this group, such as vitexin from Vitex littoralis and scoparin 
from gorse and Spartiimi scoparin7n, see Perkin, Wood, Proc.Chem.Soc. 1897/- 
1898, No. 190, 56; Perkin, ibid. 1898/1899, No. 198, 18;i; 15, 123; Molisch, 
Goldschmidt, Mo. 22, 679. 

For a series of new syntheses of flavones and flavonols, see Kalff, Robinson, J. 
127, 1968; Robertson, Robinson, J. 1926, 1713; 1927, 242, 1710; Robinson et al., 
J. 1926, 1951, 1959, 1968, 2334, 2336, 2344; Pratt, Robertson, Robinson, J. 1927, 
1975. 

Derivatives oi flavanone are also found in nature. They were formerly thought 
to be hydroxychalcone d()rivatives, but have since been identified as flavanones. 
The flavanoiK' ring readily opens, producing isomcjric hydroxychalcones (Asahina, 
Inuhuse, Bor. 61, 1515), 

Naringenin, 5,7,4'-trihydroxyflavanone, m.p. 248°; synthesis from p-cumaric 
acid chloride and phloroglucinol (Rosenmund, Rosenrnund, Her. 61, 2608). 


OH 



H-V)H 
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Sakuranetin is the 7 -monomethyl ether of naringenin (synthesis: Asahina, 
Shinoda, Inuhusey J.Pharm.Soc.Japan 1927, 133)., Hesperitin, 5,7,3'-/n- 
hydroxyA^-mcihoxyJlavanone, m.p. 224®, is obtained,by fission of the gliicoside 
hespcridin. Homoeriodictyol, A'-Irikydroxy-'d^-nuthoxiijlamnonf, in.j). 223'^; 
eriodictyol, bJA'A'-teirnhydroxyfiavanonc, in.p. 2b7°, both from the h'iives of 
Eriodictyon calijornicum . 


(c) Dibenzopyrans and Dibenzopyrones 

The xanth(inos and xanthones arc dibenzopyrans and dibenzopyrones: 



Xanthenes are usually obtained by reduction of the (iasily (detained xanthones. 
A compreliensive ring-synthesis is known only for the hydroxyxant henes. It 
consists in th(‘ action of acid condensing agent-s on a mixture of anjmatic o- 
hydroxy aldehydes or ketones and ])olyhydric plnaiols: 



R 

I 

3' 


A/ A 


\q/ %( 


Xanthene, colorless, m.p. 90°, b.p. 312°, is pn^pared by reduction of xanthone 
and hydroxyxanthenes; when fused with KOII it gives e-dihydroxybenzophe- 
none. 3 ,6-Dimethylxanthene, a-pyrocresol, m.p. 196°, (xnairs in coal tar (Zmerz- 
liJcar, Mo. 31, 897). 9-Phenylxan^ene, m.p. 145°, by reduction of phenylxan- 
theiiol (scje below). 9,9-Diphenylxanthene, m.p. 200 °, from o-phenoxytriphenyl- 
methanol by elimination of water [Ullmann^ Engi, Ber. 37, 2367). Phonylxan- 
thenes occur in coal tar [ Russig, Z.angew.Chem. 32 (1919), 37 ; Marc(iiiw7i^ ibid. 
32, 385]. Tetramethyldiaminoxanthene (I), m.p. 116°, from tetramethyldi- 

(1) {VAhhm^AU<^ ^ )>CoH3N(CJl3). C,aIU<( (H) 


aminodihydroxydiph(uiylm<dJiane with H 2 *S 04 , is tin; leiico basi^ of the dy(‘ pyronint^ 
( Uuchcrer^ OroUc, Ber. 39, 993). Dinaphthoxanthene (IT), m.p. 199°, is formed 
by the condensation of formahlohyde with 2-naphtiu)l {Wolff, Ber. 26, 84). 
Octahydroxanthenedione, m.p. 163°, is prepared from methylene-/n6'-hydrorcsor- 
cinol with acetic anhydride ( Vorldnder, Ann. 309, 348). 

Dixanthyl (III), m.p. 205°, and its 9,9'-dialkyi derivatives are obtained from 
xanthydrol by treatment with VCb or VCI 4 in strong hydrochloiic acid {Conant, 
Garvey, Am. 49, 2080). They dissociate more or less readily into higlily colon'd 
free xanthyl radicals {loc. dt) . The same type of dissociation has been found with 
dixanthyl-9,9'-dicarboxylic acid. 

yCJRv xCeBbv AniiOU). 

(Ill) 0< >0 (VI,^ (IV) 

Ah/ MJefl/ 

Xanthydrol {1\)-hydroxyxanthene, m.p. 124° (not sharp), is prepared by care¬ 
ful reduction of xanthone; it is an unstable substance which, like bonzhydrol (Vol. 
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III, p. 512), has a pcrcat tondoncy toward loss of water and formation of its ether, 
xanihydrol ether, (C 13 H 90 ) 20 , rn.]). 200° {Meyer, Saul, Ber. 26, 1276). With 
urea xanthydroi forms a very spariiiji;ly soluble dixanthylarca, m.p. about 260° 
(dec.), which is siiitablci for the quantitative determination of urcia in very small 
amounts \Itvanoj[f‘, Z.physiol.Ohem. 170, 276; Biochem.Z. 135 (1923), 6]. 
Dibenzoxanthydrol, Il()CH(Ci(,H«)20, is })resent in the reaction products of 
chloroform and alkali on 2-naphthol {Fosse, Bull. [3] 27, 496; Gornberg, Cone, 

X){Oll){Cen,\ 

Ann. 376, 195). 9-Phenylxanthydrol, ^^C 6 H 4 , m.p. 158°, 

from xanthone and ("nH^MpBr. 

Xanthydroi, dilxaizoxaothydrol and, to a ^^rc'atcr dcKT'ce, O-plumylxa-nthydrol 
show the sam(i abnormal mobility of th(‘ hydroxyl group as triphonylrnetlianol. 
The Oil giMii]) can (*asilv r(‘f>la('(Ml by 01 and Br. The chloridt' and bromid(‘,, 
whicli an^ (!olork\ss in tlu; solid state, correspond to the colorless triphenylmethyl 
halides; with excess rnirua'al acid or metal halide they form highly colored double 
salts. As in th(‘ case of trii)henylm(‘thanol, the sulfate and perchlorate of xan- 
tliydrol are highly colonni in the solid state. Th(‘ uncolored salt-like compounds 
are [)robably d('rive<l from xanthciui, whil(‘ the colored double-compounds with 
mineral acids and heavy medal sails are derived from the o-qiiinoid xanthylium 
structure: 






Tlu^ parallelism of 9-phenylxanthydrol with triphenylmethanol is also evident 
in th(' formation of the iriHi radical Q-phenytxanthyl by elimination of the halog('.n 
from 9-ph(‘nylxanthydrol chloride with mok'cular sihu'r in solution, giv¬ 

ing a dtH'p r(‘d solut ir)n, from which tlie radical can b(‘ isolaUid (Schlenk, Ann. 394, 
188). /h‘,s’-(9-phenylxanthyl)oeroxide, colorless, m.p. about 220°. 


The fluorans, fluorones, mid fluoriraes ari' related to 
Koch, Ber. 27, 2«87): 

the xanthydrols {Mohlau, 

C)«Il4 ('O 

1 1 

R 

1 

H 

1 



iiN;(yi,<^^^cyi4 

Fluoraii 

FluoroiiPH 

Fluorimes 


The.se an? tlie parent substances of th(^ fluorescein, rosamine, and rhexiarnine 
dyes, and have been partially described in connection with them. Among the 
huorirnes is pyronine, a dye which is obtained from dihydroxy tctramc^thyldiamino- 
diphenylrnethano by elimination of water and oxidation; the leuco derivative of 

/fTK 

F’yronine 

pyronine is tetrarnethyldiaminoxanthence (p. ISO). When oxidized in alkaline 
solution pyronine gives tetramethyldiaminoxanthone, m.f>. 241 Pyronine dyes 
silk and mordanUjd cotton a beautiful sluide of rose {MohLau, Koch, Ber. 27, 2896; 
Biehringer, Ber. 27, 3304; J.pr. 54, 217). 
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Xanthonen 

9 -OXOXANTHENES, XANTHONES, ure |)re})ared l)y ilie fol¬ 
lowing general methods: 

(/) IVom arylsalieylie acids by (‘liniinatioii of water ( Ullmann^ 
Zlokasoff^ Ber. 38, 2111; UUniann, Wagner, Ann. 355, 359): 

yCOOll A^(\ 

CohZ -> cyi< 

\0-(yi, \ () / 

{^) By condensation of salicylic acid and phenols with H2SO4, 
acetic anhydride, and the like (Graebe, Ber. 21, 502; cf. Strohhack, 
Ber. 34, 4130): 


M)U 




V Wv 

>'0114 

IKK 


Salicylic acid 


(HOlC.ILC^ 

Hydrox\'xarehone 


(3) by distillation of orthophosjihoric Jicld esters of jilienols with potassium 
earbonate {Fostic, C.r. 136, iOOti). 

XANTHONE, in.p. 174^, b.(). 2o0°, is obt/iioed from phenyl salieyiaU' 

or plieuyIsa1icvli(‘ acid (Vol. Ill, p. 857) with coii'-entrated from nlaaiyl 

])hosj)hate and potassium carbonate' by distillation, from 2,2'-diainiuohenzo- 
j)henone with nitrous acid (Staede/, Ber. 27, 8808), and from fluoran and hydro- 
tluoraiiic acid (Vol. Ill, p. 544) by distillation with lime' (Mrycr, Hoffmeyer^ 
Ber. 25, 2119). By careful fusion with KOH it is opmied to dihydroxybenzo- 
phenone (Vol. Ill, p. 521). As benzophe'uonc givc's tetra])lunjylethy]en(‘ (Vol. 
Ill, p. 574), so xanthone is converK'd by treatment with zinc dust, hydrochloric 
acid, and jiilaciaJ acetic aead int,o 9-x.intliyhd<*nexantheJU‘, 0 (Cb11 O'AhClCV.lb)-/)! 
iii.p. 815° {Guryenjanz, v. Kodanrrlci, Ber. 28, 2811). Like; tlie flavoiH's 
the xaiithones do riot r(‘a(!t dirc'clly with hydroxyl.amiiK^ and phenylhydrazim*; 
h(iW('ver, 2,2'-dihydr()xyb<‘nzophenon(‘ and aniline' give xanthone anil, ()((IhH.i) 2 - 
C. NC^h,, III.]). 131°, conv(‘rled b.f»ll 2 S f,o xanthione, thioxanthone, 0 (()gH4)l*CS, 
m.p. 150°; the latter with liych’oxylaniirK' and phenylhydrazine yields xanthone 
oxime, 0(CoHi)2C; NOH, m.p. 101°, and xanthone phenylhydrazone, m.]). 152° 
(Graebe, Rodrr, Ber. 32, lOScS). 

Hydroxyxanthones, Ci3TT7(0TT)02; all four possible isomers arc obtained by con¬ 
densation of salicylic acid with resorcinol, hydroquinone, and pyrocatechol (v. 
Ko^tanecki, Rutisfiauser, B('r. 25, 1652; Dreher, v. Kostanecki, Ber. 26, 71). 

Dihydroxyxanthones: l,8‘-dihydroxyxanthone, m.p. 259° {Nishikawa, Rohm- 
son, ,1. 121, 889). 


EUXANTHONE, 3,5-DIHYDROXYXANTHONE, 


HOCclI; 



CelbOII 


yellow needles, m.p. 287° (sublimable), occurs free and in combination with glu¬ 
curonic acid as euxanthinir arid [Neabcrg, Nei7na7m, Z.physiol.Chern. 44 (1905), 
114] in Indian yellow, whicli is formed in the urine of cows after ingestion of the 
leaves of Mangifera indica. The mother substance is rrumgin [Wiechowski, Arch, 
exptl.Path.Pharm. 97 (1928), 402]. Euxanthono lias been synthesized by con¬ 
densation of equimolar proportions of /3-resorcylic acid and hydroquirionecar- 
boxylic acid with (CH3C0)20 (w. Kosianveki, Ncssl(r, Ber. 24, 8982; v, Kosta- 
necki, Ber. 27, 1989; Graebe, Ber. 33, e8360; Ann. 254, 205; Ulbnann, Panehaud, 
Ann. 350, 108). 2,7-Dihydroxyxanthone, from 2,2',4,4'-totrahydroxybcnzo- 
phenone (a fission product in the alkali fusion of fluorescein chloride) by heating, 
forms colorless needles and shows a strong violet-blue fluorescence in alkaline 
solution {Meyer, Co7izetti, Ber. 30, 969). 1,8-Dihydroxyxanthone and 3,6- 

dihydroxyxanthone {Baeyer, Ann. 372, 131, 139). 2,4,6-Trihydroxyxan^one, 
gentisein, Ci 2 H 2 ( 0 H) 302 ( 4 - 2 H 20 ),'ra.p. 315°, is synthesized from hydroquinone- 
carboxylic acid and phloroglucinol; it dyes mordanted cotton bright yellow. Its 
monomethyl ether is gentisin, which occurs in the root of Gentia7ia lutea (v. Kosta- 
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necki, 7'amhor, Mo. 15, 1; Dickinson, Heilbron, J. 1927, 1699). Dibenzoxan- 
thones and benzoxanthenes: Schmidlin, Huber, Ber. 43, 2825. 

Nitroxanthones: Dhar, J. 117, 1053. 


(d) More Complicated Pyran and Pyrone Derivatives 

USNINIC ACID, CiJTieO? (Schopf, Ann. 459, 233), which is present in many 
lichens, has been found to be a derivative of coumarin, having the constitution: 

H3C\^(XXUl8 


CO 


Cll,( '()■('. 


vAc/ 

in l> 


CCHa 

II 

-C-CHs 


BRASILIN, Ci.HmOs, present in redwood, and HEMATOXYLIN. C«H„0„ 

present in logwood, contain a pyran ring. Hematoxylin is a hydroxyl derivative 
of brasilin, as the following formulas show’: 



()I1 Oil 


Brasilin 



These structures have been assigned to these compounds on the basis of their 
oxidative degradation (a) wdth the oxygen of the air in alkaline solution to 3,7* 
dihydroxychromone and 3,7,8-trihydroxychromone, respectively, and (6) of their 
permethylaled products to: 


[cn,oi 

ch,0 |A 

/ 

/ 

|C1I,0| 

Cll 30 j/\ 

^CH2 

1 

u 

1 

\ 

1 CTT 2 

1.J 

wliich is reduced by n/ 

phenylhydrazine to 

1 

! 1 

CKdlaOOHs 

Tri methyl hrasilon 
(or tctrarnethylhematoxylon) 

< > 

OCTls OCdl, 

Tri methylan hy drobrasili n 
(or tetramothylanhydrohematoxylin) 


The constitution of the latter compound has been proved by synthesis (Pfeiffer, 
Oberlin, Her. 57, 208; 60, 2142; Pfeiffer, Oherlin, Konermann, Ber. 58, 1947; 
Pfeiffer, Haack, Willems, Ber. 61, 294; Pfeiffer, Angem, Haadc, Willems, Ber. 
61, 839, 1923; Pfeiffer, Willems, Ber. 62, 1242; Perkin, Rdy, Robinson, J. 1926, 
941; 1927,2094; 1928,1504). 

Ceroxenes, containing a xanthene ring combined with an anthracene ring, are 
prepared either analogously to anthraquinone (Vol. Ill, p. 656) from fluorans 
with fuming sulfuric acid or from 1-phenoxyanthraquinone with concentrated 
sulfuric acid (Decker, Ann* 348 , 210; Decker, v, Felleriberg, Ann. 356 , 317): 
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OelR-C- 

I /I I 

CO-0 C6U4~-C 


00114 


o 


CJh 

I 

co^ 


-CiOll) Cdh 
I I 
—( /qI I3—o 

‘ Ccroxonol 


Fluomri 

An important derivative of ccroxonol is cerulein: 


=( ’oH*(:0)(()n) 


CJU 




-CO 
I I 
c;o—(vu-0 

l-FliPnoryanthra- 

quinone 


CJhC 

I I 

(X)--Cfili(OIT).r-0 

an olive-green cotton dye, fast to light; it is obtained by treating gallein with con¬ 
centrated sulfuric acid. It is a derivative of anthraquinoiK*. 


2. SIX-MEMBERED RINGS WITH ONE S-ATOM 
1,4-Thiapyrans 

Six-membored ririg.s eoiitaining sulfur as a hotoro atom occur in 
the derivatives (of wliich only a few are known) of the hypothetical 
1,4-thiapyran, 'pcnthiophenc : 


m 12] 

/Cii--cHs 


—V^i Iv 

>s 

Cll-=CH/ 


in 


[6] 161 


3-Methyl-l,4-thiapyran, oil, b.p. 134°, d^* 0.994, is formtHi from a-methyl- 
glutaric acid with P 2 S 3 , in the same way as thiophene is obtained from succinic 
acid (p. 24) {Krekder, Ber. 19, 3260): 


CH 


<: 


CH(CIIa)C02H p,s, 


CIb 


-COsTl 


a-Mcthylglutaric acid 


/C(CH3)--CIIv 
CIT< >S 

\CII 

3-Melhyl-l,4-thiapyran 


It gives the same color reactions iis thioplKUie witli isatin or plienanthraquinono 
and sulfuric acid. It is more unstable than the thio])henes, being oxidized even 
by very dilute {Kjt.assiuin permanganatt' solution t-o acjotic acad and oxalic acid. 
With acetyl chloride and AICI3 it gives acetylmethyl-l,4-thiapyran, C' 6 H 4 (CO- 
CH3)(CIl3)S, b.p.23r>°. 

1,4-Thiapyrone and 1,4-thiapyranone aie pr(q)ared: (a) IVoin /3-thiodipro- 
pionic acid esters by ap]4ica1ion of the Die(!kmanii reaction, which gives 4-hy¬ 
droxy-5,0-dihydro-l ,2-thiapyran-3-carboxylic acid ester, and hydrolysis of the 
latter to 1,4-thiapyraiione {Heruidty Scoraht J. 1927, 194): 


ibc cri2 

112^ • iH2—COOR 

\ 

COOK 

(b) By the action of H>S on diolefin ketones, such as dibenzalacetone, in the 
presence of sodium acetate and dehydrogenation of the thiapyranones so formed 
with PCU {Arndt, Nachtwey, Pmch, Ber. 58, 1633): 


H 2 O CU 2 

Hji i-cooil 

\ /■ 

con 


/\ 

H 2 C CH, 

iiji (1 :h, 


dfi 

c,h.-I!:h 


COv 


CH 


H2S 


CH 2 0112 


JlICcIb 




PCli 


CHCJI, 


2,6-Diphenyl-l,4-thiapyranon© 


C.H, 


CH 


CO. 


CH 

d-cji. 


1 / 
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],4’-Thiapyranone, m.p. 60°, from 4 -hydroxy- 5 , 6 -dihydro-l,2-thiapyran~3- 
carboxylic acid, I).i). 150 161 °. 

2,0-Diphenyl-1,4-thiapyrone, m.p. 133°. 2 ,-Diphenyl-1,4-thiapyranone 

omii’K in tAVo skTtMjisoiiioric* forms, m.p. 114° niul <SS°. 

The i)rodu< 4 s r)f the rt’^actioii of (•:irl)on tiisaHid<‘ and caustir- alkali with keioiios 
of the type IIOH 2 COCH 2 R are derivative's of l,4-thiaj)yrono {Apilzsc}i.y Ber. 38, 
2888; Apitzi<chy Kdher, Ber, 43, 1259). 

The BENZOTHIAPYRANS im-ludo the sulfur analo^iK's of chromone, flavone, 
and flavanone. liiti'rature: v. Hrairn, Ber. 43, 3225 (t hiochroman); Stnionis, 
B(;r. 40, 708 (thioehromenes); Huhnnatin, B(‘r. 40, 2191, 3384 (thio- 
flavones); v. Aii'ivcrft, Arndt, B(‘r. 42, 270t); Arndt, Beu’.SO, 1271 (thioflavanoruvs). 

For spectroehemieal data, see the ve'ork of F. KraUpfeiffer, Ber. 56, 1819; 58, 
1654, 1677. 

The DIBENZO DERIVATIVES of 1 ,4-THIAPYRAN an* the sulfur analoj^iKvs 
of xantluaK'S and xanihora's, the thiaxanthenes and thiaxanthones. They are* 
pi‘<'par('d by lie' follovv inj; methods: 

1. 15*010 phenylthiosalicylic aeid with eoneentrated sulfuric acid or acetic 
anhydride*. 

2. By eondeaisation of thiosakK'ylic a<*i<l (V'ol. Ill, p. 300) or dithiosalicylic 
acid with benze‘iie. hydrocarbons, haloj^en derivatives of benzmies, and pluniols 
by means of concentrated IhjS ()4 {Vllmann, v. (Ucnvk, Ber. 49, 2487): 

/(7001I /VO. 

(51l4\ Gjlle -/G 0 II 4 

\S1I \ S / 


2. TrihydroxythiaxanthoiK's ;ir(^ obt-aiiual from j^idlic acid and thiophenoJs 
in the pres(*n (*(5 of concentrateMl n 2 SC )4 (IJlhnann, Sane, Ber. 44, 2140). 
yCAh. 

Thiaxanthene, GcITi<^ ^ yVaUu m.p. 128°, b.p.340°, is formed pyrogenically 

from i)h(ajyl tolyl sulfide and also by reduction of Ihiaxanthone with hydriodic 
acid and phosphorus. 

/( T4(OH) . 

Thiaxanthydrol, ^^Valli, m.p. 97°, by reduction of thiaxaii- 


thone wdth zinc dust and alkali (Mayer, Ber. 42, 1135). Phenylthiaxanthenol, 




/C(OH)((yio). 


.C 6 H 4 , rn.p. 100 °, from thiaxanthone and CoHsMgBr 


(Gomherg, Cone, Ann. 376, 201). Attempts to isolate the free phenylthiaxanlhyl 
radical: Gomherg, I\Iinnis, Ain. 43, 1940. 

Thiaxanthone, henzophenone ,stjl/Jde, ( 5 H 4 <(" J^CcIR, m.p. 207°, b.p. 273°, 

is isomeric with xanthione (f). 191); it is pr(*par(‘.d from phenylthiosalicylic acid 
(Graehe, Schidtess, Ann. 263, 1) and from thiosalicylic acid and bemzene by con¬ 
densation in the pn^siaice of concentrated H2SO4. Oxidation convert.^ it to 

.CO\ 

“henzophenone sulfone,” CellK X^ 6 TT 4 , m.p. 187°, which is also obtained 

by o.xidation of tlu* diphenylmethane sulfone GII^fCcHO^SOo, m.p. 170° (from 
diphenyhiK'thane with chlorosulfonic aeid) {Lapworth, J. 73, 402), and from 0 - 
carboxydiphenyl sulfone with conciuitratiul sulfuric acid \ld.lm(inn, Lehinr, Ihu*. 
38, 735; Wcedon, Donghtij, Am.(diem.J. 33 (1905), 380J. For tetramethyl- 
diaminodiphenylmethane sulfotie and tetramethyhliamirwhenzophenonc sulfone, 
see Sachn, Ber. 33, 965. For other derivatives of thiaxanthone, see Mayer, 
Ber. 42, 3046; 43, 584; Ullmann, v. Glenck, Ber. 49, 2487. Thiopyronine, the 
dyestutf corresponding to pyronino: 


CH 

(CIIa),NC,n,</ ^C,II,:N(CH,),Ac 
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is prepared from tetramothyidiaminodiphcnylmeihane by treatment with a 
solution of sulfur in fuinin^r sulfurie acid and yields on oxidation tetramethyldi- 
aminothiaxanthone, CO(C 6 ll 3 N(C'H 3 ) 2 ) 2 H, m.p. 288 [Biehringer, Topaloff, 
J.pr.65,499). 

SELENAXANTHONES are also known. 

Selenaxanthone, m.p. 192^, from (cliloroselcno)phenol-o-carboxylic acid 
(chloride and benzene in the presence of aluminum chloride {Lesser, Schoellcr, 
Ber. 47, 2505; Lesser, Ber. 57, 1078). 

TELLURAPYRANS. /^^-Diketonos re.ai^t with TeCh to give cyclic tellurium 
compoundif having the following constitution {Morgan, J. 127, 2()il): 


O 

yC 


R2C 


R.2 

-Ox 


TeCh 


0 lit 


3. SIX-MEMBERED RINGS WITH ONE N-ATOM 
(a) Pyridines* 

The pyridine ring;, eoiisisting of five nudhine grouiis and one nitro¬ 
gen atom, is one of the most im])ort.ant hetcroeyelie systems, i^yri- 
dine is the parent compound of a mimlier of natural prodiuds, iiudud- 
ing various alkaloids. It is present in the products of tlie pyrolysis of 
organic compounds containing nitrogen. Pyridiiu' derivatives have 
been obtained from coal tar {Mvyvr, Hofmann^ Mo. 37, 681; Eckert^ 
Loria, Mo. 38, 225), sliah^ tar \E(juchi, Bul!.( liem.Soc.Japan 2 (1927), 
176], wood tar, lignite tar (in small quantiti(‘s), low-tem])erature tar 
(Froinnij Eckard, I3(‘r. 56, 948; Morgan., J.Soc.CJiem.Ind. 47T, 131) 
and bone oil (c/. jip. 203, 205). For tlie occurrence of pyridine in fusel 
oil, see Bainherger, Einhora, Ber. 30, 224. 

The first pyj-idine bases w(‘r(‘ isolabsi fi-om bone oil in 1846 by An- 
dcrsofi, wlio gave tlie ])arent. substance the name of pyridine. The 
bases wer’e thoi'oughly investigated from 1879 on by Weidd and his 
pupils, and by Ladenburg. 

The formation of the jiyridiiu^ bases in bone oil is due to the inter¬ 
action of fats (glycerol (^sters) with compounds containing ammonia 
(such as proteins); tlie ac!i‘olein first formed reacts with the ammonia 
(cf. method of preparation J). Bone glue containing no fats yields 
not pyridine bases, but pyrroles (p. 29) (Weidd, Ciarnician, Ber. 13, 
83). Coal tar is the principal source of technical pyridine bases. 

The outstanding cliemii^al property of the pyridine ring is its resistance to 
oxidation, in wdiich it resi'-mbles the IxuizerH^ ring. The same reagents which 
convert alkylbenziuies to txmzoic acids produce' pyridinecarboxylic acids from 
homologue.s of ])yri<line. This similarity in beliavior to the aromatic series caused 
tlu^ postulation of a structural formula for })yridine analogous to that of benzene. 
The Koryler-Dewar formula for pyridine (I), bast'd mostly on intuition, is adapted 
from the benzene formula, with a (Tl-group replaced by a trivaient nitrogen. 
The experimental evidence for this structure was developed laU'r (see p. 197); 


* For dyestuffs of the pyridine and tiuinoline group, see Fierz-David: Ktinstliche 
organische Farbstoffe (Springer, Berlin, 1926). 
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lie (!H 

III: l:ii 

\f.,/ 
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II [<i 
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t6i ik: on HI s 

(I) li I 

«. m lie cii 121 a 
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Beiizeiif* 

according to Kckule 


Pyridine 

accordiug to Kdriur (1809) and Dewar (1871) 


While ill the Komer-Dnrdr pyridine formula the nitrogen atom is bound to 
two carbon atoms, the so-call(‘d diap;onal formula (II), ])roposed by liiedel on 
the basis of tlu* ndation of pyridine to acridine, shows the nitro^^en atom connected 
to three difh'rent carbon atoms. To thesci two structures a third was added in 
1891 by Brinih rger and non. Pe.ciimann. (Her. 24, ^151); this is the c('ntric pyridine 
formula (III), which corresponds to the CAana-Armdrong formula for ben/aaio: 


Cli 


/ 

lie 

(H) II : 

lie 


\ 

(MI 

II 

(Ml 


N 

III (del 


CH 

iicvLcii 
(HI) lYi 

iie-"|^(Ti 

\J/ 

N 

Jianiherjjcr nnd ti. Pechmann 


To dt‘t-(9'mine wIkMIku* the N-atom in pyridine was bound to two or to thn^o 
carbon atoms, KckuU, from 1880 to 1890, undertook asiTiiisof expe-riments, whose 
n'sults he n^ported on March 11, 1890, to a spi.adid meeting of Deutsche (Jhern- 
isch(‘ (lesi'llschaft calk'd to c(‘lebrato the twenty-fifth n.niiiversity of his theory 
of I.Ik' structuri^ of benzene. In 1929 KckulPs treatise, ‘*t)ber di(^ Konst.it ut/ion des 
Pyridins,” was jadilishi'd for the first time in the biojjjraphy “August Kekul6“ 
by U'lrJnnd Anschutz (Vol. II, p. 768). 

In the introduction of this important treatise KckuU compared the pyridine 
ring to the bc'nzi^iK' ring thus: “MMiere are apparently two typi'S of rings. Pyri- 
iline, like similar substances, is not really a ring, but a (ihain closed in a ring-shape 
by a lock. It appears as a ring, if the lock is treat.e<l as a iiK'mix'r of tliii ring, 
hut such a ring is always easier to o})en, and always at the lock, than a true ring 
containing (*(}uival(‘nt members.*’ 

Proceeding on the avssumption that the fumarimide (IV) prepan'd by heating 
the acid ammonium salt of malii^ acid, which is converted by hydrolysis to inactive 
aspartic acid, corresponds to formula. II, KckuU sought to jiri'pare homofurnar- 
imide (V) by hi'afing the ammonium salt of it?-hydroxy glutaric acid, but without 
result. V 



Fumarimide 



CO 

The desired homofumarimide 


Therefore KekuU approached the problem in another way. In 1884 Alfred 
Behrmann and A. W. v. Hofmnnn had prc'pared citrazinic acid by^he action of 
sulfuric acid on citramide; in 1887 Ruhemnnn n'l'omrnended a diagonal formula 
for it. KckuU treated the amide of /3-hydroxy glutaric acid with sulfuric acid and 
obtained a compound which he first considered to be 2,6-pyridinediol, since it was 
converted to pyridiiKi by distill.-ition over zinc dust and to pentachloropyridine 
by phosphorus pemtaeddoride*. A more thorough investigation disclosed that this 
compound was not 2,6-pyridinedioI, but glutaconirnide, resulting from /3-hy- 
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(Iroxyslutanimido by c^limi iation of water and ammonia, with inb'rmediate forma¬ 
tion of ^lutaconamide, wliich ^^ives I he iniid(‘ when treaUnJ with sulfuric acid. 
When h(‘ated with liydroehlorie acid the irnide yields ammonium cliloride and 
glutaconic a(‘id. 


CK)Nll2 

(|di2 

Cif^OH - 
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ioNiiz 
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- \hO 
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vSiiice attiimpts to condense /3-aminof]^lutaric acid and )^^-amino^;lutaric acid 
monoethyl ester by heat or sulfuric acid or phosphorus ])ent‘.ichloride to cyclic 
derivativiis in which tlie N-atorn is bound to thnn^ carbon atoms faikal, Kvkuli 
concluded that ‘"for the present the Korner-lJeautr formula for pyridiru; should be 
pnderred to the diajL'onal formula proposi^d liy Ric<l<i.*' 

The cmitric formula I FI {liatnhcrger ami v. Prchmann) of pyridine, in which the 
centric hou(h’' are in labih' (‘(|uilibrium, provides a,n (ixplanation for the many 
conversions without displaiuanent of the double bonds, and tFau'clbre dilTer- 
entiatc^s pyridijic from other compounds such as t^lutaconic aiad and ^>;lutacon- 
imide which are clos(‘ly related to it ^(metically. 

The formation of jiyridiiu^ from piperiiliruj (pentamethylenimine) by dehydro¬ 
genation is significant in t,he determination of its constitution (see }). 200, No. 5), 
Since pipiaidine is syntlu^sized from trimethylime cyanide through the hydro- 
cFiloride of pent-amethylmiediamiiK^ (sei' f). 220), it follows that pyridine also con¬ 
tains an unVjrokeii chain of five lairbon atoms.- 

Another important factor clarifying the constitution of pyridine is the oxida¬ 
tion of quinoline, whose constitution is ciad-ain, to pyridinedi(;arboxylic acid (qui¬ 
nolinic ;icid, p. 215), which can be decarboxylated to [lyridiiie. 


Tautomeris77i of the Pyridine Ring 

A remarkable characteristic of the fiyridine series is the wand(*ring of hydrogen 
atoms in 2- and 4-substitut(‘d pyridines. The reactivity of the hydrogen atoms 
of the alkyl groups in 2- and 4-alkylpyridinos has been recognized for a long time 
(see p. 204). More recent investigations have shown that 2- and 4-alky If lyri- 
din(‘S can react in a tautomeric form, smdi as 2-methylen(HliFiydropyridine (II), 
the so-called pyridorie methide {Tachit^ickihahin^ ]5er. 61, 547): 



This reactivity in two tautomeric forms is especially marked in the case of 2- 
and 4-aminof)yridme, which sometimes react in the forms HI and IV, and 
soiiK'tinu's as iniiruvs, formulas IJlaaml IVa {TachilHchibabin ^ Her. 57, I IbX, 2tM)2; 
58, 1704), and also in the case of the 2- and 4-hydroxyf)yridines (see below): 


NIT 2 Nil 



(III) (Ilia) (IV) (IVa) 
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This iaut.omoriHm (ioos not appc^ar in the 3-derivatives of pyridine. S-Amino- 
pyridine., (’.(j., n^iiets only in tl»e amine form; it i)ehav(^s inue.h like aniliiu*. 
(Cf. tli(^ diftVn'ncv Ix'tween the /a-suhsliluenis and (he o- and /^-substituents in 
tlu^ })eiiz(aie sejhvs.) 

Methods of l:>iin(h('sizi/ig Pyridine Derivatives. - {!) When aldehyde 
ammonia com])onnds are 1 united alone or with aldehydes or ketones 
alkylpyridines are formed; hotnogeneous pyridine derivatives cannot 
be obtained by this method [Tschitschibahinj Oparina, J.Rnss.Phys. 
Chem.Soc. 54‘(1922), 420, 601]: 


CHjCHOIKNlh) 4- 3CII3CIIO - C6H3(CH3)(C2H6)N -f- 4H2O 

2-Methyl-3-ethylpyridine 

(Aldehyde-collidine) 


In this reaction appanaitly sevta*al ald(‘liyde molecules join to form an un¬ 
saturated aldehyde with a longer carbon chain, which then condenses with am¬ 
monia to form a ring. S-IHcoUnc, (j). 204) can be proj)ar(rd by heating glycerol 
with PoO;, and sid)stanc(‘s containing ammonia, such as ac(4amiidc or, better, 
aniinonium ph()sj)hab‘ {Srhuuirz, Iha-. 24, lOTti); honiologous pyi’idines and pyra- 
zines ar(‘ forna^d as l)y-produ(’ts, 

{2} A very general method for the synthesis of pyridine deriva¬ 
tives, yielding definite products, consists in the condensation of 
^- 0 x 0 carboxylic acid esters and (3-dikctones with aldehydes and am¬ 
monia {Ha/ntzseJds method): 

Example (a): A(^et<tac(die est(‘r (2 mols), at^etaldehyde, and 
NH 3 (or aldehyde-ammonia) yitihl 2,^d)-iri7n£ifiyl-l,4-dihydro- 
dinicoimic acid ester (dihydroc.ollitlinedicarboxylic acid ester), which 
can be readily cojivtmfed into the corr(‘s])onding pyridine deriva¬ 
tive by elimination of two U-atoins {Uantzsch, Ann. 215, 1 ; Ber. 
18, 25*79): 


CIl 3 


RO^CCIh 

CH.-io 


OCH CHrCOiU 

+ + I 

NHs COCII3 


dig 

-3H20 KO2CC-(in.C'COaR 

~ ' Cn,-(!—NH—(!-CHa 

2,4,r)-Trimethyl-l,4-dihydro- 
dinicotinic acid ester 


In place of acc'taldehydc;, formahh'hydc* or benzaldehydo (TAich'wirz, Mo. 17, 
343), or chloroac(4al(h4iyd(^ {Benunj, Her. 51, 567), (*an be used; the scK’,ond mol 
of acetoacetic (‘sh'r can l)e rt'placc'd by 1,3-dikct.on(\s such as acetylacidone and 
benzoylacetone {Beyer, Ber. 24, 1669). 

In the above reactions the aldcdiyde and ac(4.oacetic ester first condense to 
ethylidene-Ws-acetoacetic ester, CH 8 CH(CH(COOR)COCH 3 ) 2 , a 1,5-diketone, 
which is closed to a pyridine ring by ammonia in the same way as 1,4-diketones 
are closed to pyrrole rings by ammonia (p. 15). When primary and secondary 
amine.s are used in place of ammonia, the reaction stops at the formation of alkyl- 
idene-6ns‘-acetoacetic esters, so it is used for the preparation of the latter (r/. 
Knoevenaycl, Ber. 31, 73H). The rea(4ion is <4arifi(*d i>y tlu^ fact that trim(‘lhyl- 
dihydrodinicotihic acid (5st('r iind similar compounds art? also obtained in good 
yield by condensation of alkylideneacetoacetic esters and /3-amino crotonic acid 
esters, the latter adding to the'unsaturatcd bond of the foianer, forming a ring 
{cf. Beyer, Ber. 24, 1667; Knoevcnagel, Fries, Ber. 31, 761; Knoevenagel, Bruns¬ 
wig, Ber. 35, 2172; Bcriary, Ber. 44, 489). Unsymmetrically substituted pyri¬ 
dine derivatives have also been prepared by this method. 

Example (b): 2,4-Dimethylnicotinic acid ester is formed from 

acetoacetic ester (1 mol) and acetaldehyde (2 mols) with NH,: 
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CH, 


CHa OC!H CHaCOall 

H(*;0 ^ NHa io-CH, 


CHa 

_ 3 ino CH==(!:-C-COaR 

2,4-Dimetliy Ini cot ini c 
acid ester 


The mechanism of this reaction is similar to tiiat of exarapU* (a); the dihydro 
derivative first produced is probably oxidizc'd by excess aldehyde to the corre¬ 
sponding pyridiiu!. Tliis reaction can be varied by the use of dilTerent aldehydes. 

In both these examples, dibydropyridine derivatives are the pi'imary products. 
This interm(‘dia1.e st(*p is eliminated and the pyridine derivatives are obtained 
immediately wlien hydroxymethyleneacetoacetic est(‘r or hydroxymethylene- 
ketones are condensiid witli /3-amino crotonic acid esUr (O/a/'.sca, Ber. 26, 2734), 
or in general when NHs acts on the 1,5-diketoiies which result from the condensa¬ 
tion of ethoxymethylenea(!etoacetic (^ster and similar compounds with /3-oxo 
carboxylic acid esters or 1,3-diketones (Ger. Pat. 798b3, 1S93; Claisen, Atm. 297, 
12; Knorvenagd, Ber. 36, 2180; Mtinim, Bohmr, Bc;r. 54, 720; Benanj, PsilLef 
Ber. 57, 828; Bemry, Ber. 60, 914; Spdth, Burger, Bir. 48, 265; Ger. Pat. 
418218, 1923, Frdl. XV, 1487): 

—CO C-CO ~ —co- c ~c— 

HC<: + NIB -^ HC<r >N 

-._.00—CH—CO— —CO -C-=C— 


Malonic ester and /3-andno crotonic acid ester give 2,4-dihydroxypicoliuic acid 
ester; malonic ester and acet.ylaci'toneimine give hydroxydirnethylnicotiiiic acid 
ester {Knovmnagel, Cremer, Ber. 35, 2390): 


ROCO IToN-C-ClB 

' (CHJCO-I;!! 


ROCO'CH 


(1I0)(^-:N-C-CH, 

ROCO • (l--c(cn,)—(In 


The formation of 4-hydroxypyridine. derivative's by condensation of dinitriles 
(Vol. I) with /3-oxo carboxylic acid esters by means of gaseous HCl also belongs in 
this group of reactions (/;. Meyer, J.i>r. 70, 560): 


CH3CO 

ilB—COOR 


TT 2 NCCH 3 


CITs-O 


=N- 


CN 


CH=c(on)- 


-CCH, 

~(!-CN 


(3) 1,5-Diketones, especially those in which phenyl radicals are attached to 
the keto groups (1,3-dib{mzoylparaffina), are converted to pyridines by treat¬ 
ment with hydroxylamine {Kmevenagel, Ann, 281, 36; 303, 225; Blaise, Mon- 
tagne, C.r. 180, 1700): 


C6H6CH<^ 


CH(CJB)—COC 5 IT 5 
CII(C6H5)- CO-CoIR 


Beuzamaron 


+ NllaOlI « 




:;(CftHft)-=c-CeiB 




C(CJl5)--C-C6ll6 

Pontaphenylpyridine 


+ 3H,0 


Several oximes of diolcfin monoketonos yield pyridines wlien dry-distilled (SchoUz, 
Per. 28, 1720; 29, 013; 32, 1935; SehoUz, Mn/ir, Ber. 43, 1861): 


CH-CH--CH 

cjie-cH HON=-(!;-cnj 

Cinnamylideneacetone oxime 


~ H«0 

- y 


CH—CH--CTI 


C,IR-C-N =i-cn, 

2-Phenyl-6”methylpyridine 


The same 2-phenyl-6-toIvlpyridine is obtained from (VHrCTIrCH-CHiCIl •- 
C(NOn)CJl 4 CH 3 and CH 3 CflH 4 Cn:CII-CH:CH •C(NOH)C6H5, a proof of the 




200 SIX«MEMBERED RINGS WITH ONE HETERO ATOM 


identity of the 2 - and th(‘ 6 -positions and for the syminetrical structure of pyridine 
{Schollz, Wiedemann, Her. 36, 846). 

{4) When the arylamine derivatives of Klutaconaldehyd(^ are boiled with 
hydrochloric acid, or when tlieir hydrochlorides are heated, 1 mol of arylamine is 
elinunatod and N-arylpyridinium chlorides are formed (see p. 201 and Zincke, 
Ann. 333, 328; Die.cktnann, Ber. 38, 1650; Dieckviann, Beck, Ber. 38, 4122): 


CH-=CH~-CH--NC JR • IICl _ CeiBN ii, 

(!;h=ch-niic,ii5 " 


cii==(;h—c:h 

lr(C6Uo)ci 


Cf. the formation of 3-chloropyridine from o-chloroKhitaconaldehyde and NHg 
{Dieckmanri, Ber. 38, 1651; Baunigaricn, Jier. 58, 2018). 


(,5) Pyridijiofi art* ])r( 7 )arc(i by oxidation of the synthetic hexa- 
hydropyridinos, {)ip(‘ridin(^s or pentarnethyl('nimines (p. 220 ) with 
H 2 SO 4 or silver acetate (Tafd, Ber. 25, 102 ]): 


CIR-CIR-CIIaBr 

ill,—CHr-NlIj 

5-Bromoamylamine 


-Hlir CIR-CIR-CH, 

—> I I 

CII 2 -CII 2 —Nil 
Piperidine 


-6H 


■> 


CH=-CII—CH 

I II 

CH-=CH—N 

Pyridine 


(6) Hydroxypyridine derivatives (pyridones) are o])taincd from 
pyrone derivatives (p. 177) with ammonia, the oxygen atom in the 
pyrone ring being replaced by the NH-groiip. All simple pyryliiim 
salts are similarly converted by ammonia to pyridines even without 
heat (Dilthey, J.pr. 102, 209). 

(7) 2,6“Pyridinedio] derivatives, which can be considered as 
imides of glutaconic aedd audits honjologucs, are prepared from glu- 
taconamic acid and similar comi)oiinds by ring-closure. Citrazinic 
acid (dihydroxypyridini'carboxylic acid) is formed from aconitic acid 
ester witli NHs, and from citramide. 


(8) Derivatives of 2,6-pyri(line(liol can also he synthesized by condensation 
of acctoacetic esters and cyaiioacetic ester with amrr»onia or primary amines, or 
by condensation iif benzaldehyde (1 mol), NH 3 , and cyaiioacetic ester (2 mols) 
{Guarcschi, C. 1897, I, 927; 1899, II, 118; 1905, II, 681): 


CII, 

R CH—CO + Nils + IRC ON 

0^00,116 c,iioO{';o 


CH, 

R-Cll—{[:=C-CN 
oi—Nil—CO 


2 ( 1 )-Pyridones result from similar condensations of 1 , 3 -diketones and am¬ 
monia or of /3-aminoketones, such as diacetonamine, Cn 3 COCH 2 C(CH») 2 NHj, 
or acetylacetoneimine, Cll 3 CO-CH:C(CHji)NH 2 , with cyanoacetic ester (Gua- 
reschi, C. 1893, II, 648; Js;<(>gli.o, (h 1905, II, 336); tlu'y ari' also formed by con- 
dmisation of /3-aniinocrotonic acid lisUjrs with alkylidenenialonic osiers {cf. 
Knoevenaqel, Frir.^, Ik^r. 31, 761). 

{9) The action of sodium alcoholale on iS-acetamidocarboxylic acid esters 
produces 2 , 6 -pyridinediols (Ger. Pat. 102894, 1898): 

CII-COOR CIT3 CII ~C(OH) -Cn 

cn,l:—Nil— ho " cii.l:—-N=======(i;(OH) 

^-Acetamidocrotouic acid ester t>-Methyl-2,4“pyridinediol 
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(10) A synthesis of theoretical interest is the formation of 3- 
ehloro- or 3-l)ro]noy)yri(liiie from pyrrole by heatinj>; witli (Tl(-Is or 
CHBra and NaO(t 2 Hr> (p. 30). With CH 2 I 2 pyridine is ol)tain(al, 
and with 0611501102, 3-phonylpyridine (Ciantkian, Silhcr, Ber. 20, 
191). 

(//) Wlien the vapors of N- or 2 -alkylp 30 Toles are ])assed tlirough 
a slightly incandescent tube, or when the compounds themselves are 
heated with hydrochloric acid, ])yiidine derivatives are formed; 1- 
and 2-methylpyrrole give pyridine and 1-benzylpyrrole yields 3- 
phenylpyridine (p. 31 and Dcmidcdt, Zinimeniiann^ B(n\ 19, 2196; 
Pictet^ Bor. 38, 1946). Small amounts of ])yridine result fi'om the 
action of acetylene on hydrocyanic acid at 800-950° (Meyer, Tanzen, 
Ber. 46, 3184, 3195; Meyer, Wcsche, Ber. 50, 424, 435). Mixtures of 
pyridine bases are obtained from ammonia and acetykaie at 300° and 
in the presence of contact catlilysts (alumina,, ferric oxide) [Pschi/schi- 
hahin, J.Russ.PhysXhiem.Soc. 47 (1916), 703; TschilHcJiibabin, Opa¬ 
rina, ibid. 54 (1924), 601]. 

(]2) Another synthesis of theoretical interest is the conversion of 
benzene and its homologues into pyridine wlaai a dilute benzene solu¬ 
tion of sulfuryl azide (Curtius, Schmidt, Ber. 55, 1571; SeJnnidt, Ber. 
55, 1581; 58,2409) or carbonyl azide (Ciirtivs, Beriho, Sitz.-ber.Heidel- 
berg. Akad.Wiss. 1924, 3; 1925, 3) is heated to 140°. 

Behavior. —The pyridine bases are colorless liciuids with a charac¬ 
teristic odor. P^uidine is miscible with water; the sohibility of the 
liomologues decj'cases raihdly and is usually greater in cold tlian in 
waim water. 

1 . Salts. The platinum doul>Ie salt of tlie formula (C-rJIr.N • HC1)2- 
Pt( 3i loses 2 HCi when boiled f(jr a long time with hydro(*hloi ic acid, 
forming (() 5 H 5 N) 2 Pt()l 4 (cj. pyrazoles, p. 92). Tl^e pyridines form 
addition comi)ounds with many inorganic salts; thos(^ with Cd(32, 
ITgCb, and Aufdy are characteristic and serve for the separation of a 
mixture of bases [Ladenhurg, Ann. 247, 1; cf. Varet, C.r. 124, 1155; 
Pincussohn, Z.anorg.Chern. 14 (1897), 379]. 

2. Pyiidines combiiK^ with alk^d iodides to form alJqjIpyridiiiium 
iodides. The reaction is oftmi violent. 'FIk^ ])yridines also add 
chloroacetic acid and its homologues to give pyridineheUiincs (Kirpal, 
Mo. 31, 969). The}^ also combine with dimethyl sulfate, acid chlo¬ 
rides, cyanogen bromide, 2,4-dinitrochlorobenzene, and similar com¬ 
pounds. Sul)stituents in the 2,6-position sometimes slow down the 
formation of pyridinium salts, sometimes prevent it altogether (c/. 
Meyer, Mo. 25, 1196). 

Wh(^n the alkyl pyridinium iodidnn an*, treated willi acpieous sodium hydroxide, 
the stroiic?:Iy basic pyridinium hydroxides first formed rearrange to th(* isomeric 
2 -hydroxydihydropyridines, which are rather unstable; the latter can be oxidized 
by potassium hirricyanide to l-alkyl-2-pyridones (Decker, Kaufrnann, J.pr. 84, 
219): 


HC=CH-CTI 
nc=cH—I jr(OH) 


IIC=CH—CII(OH) 
NR 


nc=cH— CO 
NR 


The dinitrophenylpyridinium chloride obtained from pyridine and 2,4-dinitro- 
chlorobenz^ne is converted by treatment with alkali or various primary and 
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s(H*t)iidary ujninos to hipjhly colored d<‘rivativcs of Rliitaconaldc'hydc' or iis iauto- 
rii(*ric form {Zhirkv, Atoi. 330, ‘>(>1; Ziurke^ WiirLu’r, Aim. 341, d05; Zinckcy 
Weisp/f nning, J.pr. 82, 1): 


(;fl:(dl(dI:N('oIl5 

I 




(dl:(Ul(dl 


I 

CIIiCII- 


i! / 

< 


01 

C6ll3(N0o)2 


NnOir 


-> 


ciEcn-oiio 

Cir:CH-NIIC6H3(N02)2 


Th('. addition produ(!tK of pyridine with cyanog:en bromide, dipheriyloxalimide 
chloride, PCI-, (Konig, J.pr. 69, 105; 70, 19; Konigy Bayery J.pr. 83, 325; 
Reilzenstcin, Breuning, J.pr. 83, 97) and chlorosnlfonic acid esters {Bavm- 
garteyiy Ber. 57, 1022) })eh‘iv(‘ similarly, ([f. the synlliesis of pyridine from 
derivatives of ^^hitaconaldehyde (p.20()) which is 1 lu'riwt'rse of this d(‘compo8il ion. 

Another conversion of th(‘ pyridine rim^ to j^Intaconaldehyde, developed by 
Buchcrer {Bucfierer, Srhenkely Iha*. 41, 1310; Srhenkel, Ber. 43, 2597; Reitze.n- 
Hteiriy /a/, Ih'r. 43, 2939), occurs wlitai 1h(‘ addit ion product of pyridine and 

3 mols of sodium bisulfit(% ('alUNfO-SO-NhOs -f 2 II 2 O, is Ireated with aqueous 
sodium hydroxid(^. 

For th(^ ])roduct8 resultiiijtj; from th(' action of alkali on ilie alkyl iodide addition 
products of 2- and 4-a.lkylpyridines, the pyridon(‘iinides, S(‘e p. 197. 

S. When alkyliwridiniiiin iodides are heated to 300*^ th(' alkyl 
groups shifi from the nitrogen atom to th(' 2- or 4-ear])on at n., pro¬ 
ducing alkylpyridines (Ladrnhurgy B(‘r. 17, 772); this is anah y;- us to 
the formation of homologous anilines from N-alkylai.iliii' S (A. I. IH, 

p. 78). 

4 . M.cdliyl groujis in the 2-}K)sition and, t.o a, lessi'r extrid, lliose 
in the 4-f)Osition undergo aldol condensations with aldehyde such as 
formaldehyde, chloral, and benzaldehyde; the alkmes whicdi a’e so 
formed often sfilit off vvaha-, giving stilbazolcs {Bach, Ber. 34, 2223). 
Phthalic anhydride and imide react like tla^ akhhydc^s {Scholzey Ber. 
38, 2806). 2-Picoline does not react with nitrosodimethylaniline, 
but does with its methyl iodide (Kaufmann, VallcUe, Ber. 45, 1737, 
1742; Fuchs, Grauaug, Ber. 61, 57). Methyl gi’oups in the 3-position 
do not condense in this maniKU’. 

5. Oxidizing agents such as nitric acid and chromic; acid do not, 
as a rule, attache ])yridin(;s. Alkylatod and arylated i)yridiiies are 
oxidized by KMnCh to jiyridinecaihoxylic acids or to open-chain 
compounds {DcUpiur, (^.r. 184, 206; TschUschihahi/a, Ber. 37, 1373). 

6 . Reducing agents such as sodium and alcohol or catalytic hydro¬ 
genation convert the ])yridine bas(\s to hexahydropyridines or piperi¬ 
dines, whi(4i can be split by various means to aliphatic compounds 
{cf, p. 221). When heated with hydriodic acid the pyridines are re¬ 
duced to paraffins, ])yridine giving ppnt,ane. 

.7. Halogeno, nitro, and sulfonic acid derivatives are prepared with 
far more difficulty from the pyridines than from the benzenes. 

8 , The amino group is introdiu^ed directly into pyridine by the 
action of sodium amide. For details, see the section on aminopyri- 
dines (pp. 207 ff,). 

Isomers, —The positions of substituents in the pyridine rijig are indicated by 
these symbols: 



PYRIDINE 
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cn Ml 7 

ft 16) r’lTViii rs) 8 
I II 

a, f'l cn ClI |2| „ 

'V/ 

N m 

TIkm'i' art' llireo possible! moriosubstitiilt'd products and six po,ssif)|(> disubsf.it uted 
[iroducts, all of whicb have btaai jm^parctl in many cast's. Tlit' position of alkyl 
fijroups in iiyridint'S is dct-t'rmint'd })v convt'rsitni into the corrt'spondinjii; pyridino- 
carboxylit! acids, which luivc charat^tcristic mt'ltimj; points, copper salts and 
t'stt'rs. The pyridint'carboxylit! acitls art' tlu' keystoiu's in tlu'elarificaiion tht; 
constituiion of pyridint! dta-ivativt's, and tlie dt'terininalion t)f tlu'ir constitiition is 
Iht'rtjfore es]X‘(!ially important (p. 2b{)- 

PYRIDINE, (^ 5 H 5 N, m.p. -42^ h.p. 115..4^ df 0.0770 (Heap, 
Jones, Speakman,, Am. 43, 19.‘U)), is ohliiiin'd from hoiu' oil and coal 
far, and is foiancd from all pyridim'(‘a.rl)t)xylic a(‘ids by dist-illatioii 
with lime. For S(‘V(‘ral methods of ])r(‘pa.ring pyridine, see ]). 201, 
Nos. 10, 11, 12. It is a very \v(‘a,k ]>as(' and does not (‘olor litmus. Its 
deliepiescent //.?/t//YW//or/dc (hH.-.N-TICd forms with Pt(d 4 a spa'rin^iv 
soluble ])latinum double salt, -HCDo, m.p. 264^ 

Hifdrobromule, m.p. 20(F^ (lifujifli, Balliger, H(4v. 4 , 633). ddie per¬ 
chlorate is suitabb' for tht' s(*para.tion of ])ur(^ ])yridin(‘ from mixturc^s 
with other ]>yridin(i bases ((.ha*. Viii. 451956, 1925, Frdl. XVI, 530) 
and for th(‘ mitu'oclu'mical elett'ianination (Cordier, Mo. 43,525). Pyri¬ 
dine mercmic chloride, (hHf.N * 11(3 *211^(32, ni.p. 178'^; zim^ chloride 
double saJt-, 2();,H;,N-Zu(ho, si).irinj 2 ;ly soluble* in a,l(‘ohol; picraic, 
m.]). 164'”’; viefhul iodide addifiiui product, m.p. 117^. Foi* the numer¬ 
ous complex compouTids wuth pyridine*, see ]\ Pfeijfer, ()rp;anische 
Me)le*kulve*rbiiululife'll, St ut4t2;a.rt, 1927. 

Inelustrially, a mixture e>f jnuhline base's is used feir the dematuring 
of alc.ohol [C3u‘m.Z. 37 (1913), 1035|. In the laboi-atory it is an 
ineiis])(:nsable sedvemt. Absedute ])yridine (prepareyl with BaO) is 
usetel as tlie setlvent in the eletermina.liein of active hydrogen atoms by 
tlu^ methexl eif ZerewUinoff (sem Vol. 1, j). 11), in the*, introduction of 
Ixmzoyl grenips iiite.^ organic com])e)unels by means of b(*.nze)yl chle^ride 
and in the* (:d)ullie)scov)ic dettu'ininatlein of molecular wadglits (K = 
29.5 for 100 g. sedvent). 

PhnsgeiK! unittvs with 2 molar proportions of ]>yridinc to Rivo pyridine^carbony) 
chlorido, | (t,H5N(C4) bCO ((h'r. Pat. 1090:44, is98). Tlic addition products of 
pyridine^ with acid chloridi's have> b(!(!n extensively investij^ateid (for the addition 
[iroducts with ae*(!tyl chh^ride and oxalyl cliloride see Freiidenherg, Peters, Ber. 
52, 146.4). The product from pyridine and bemzoyl chloride has practical 
ftixnificam'.e since it maki'.s possibli! th(! introduction of th(! bemzoyl group into 
alcohols, phenols, amint^s, jS-eiike^tone'S, and j4-oxo carboxylic acids under mild 
coneiitions. ITe! action of SOAMo on pyridine! is similar {iUiumgaricm, Ber. 60, 
1174); tlie aeldition produea first formenl yields N-pyridiniunisulfonic acid, 
/8C), AMU VO 

C.sHt,N<Qj . Pyridinebetaine, | , m.p. 1.50° (d<*c.), is 

formed from pyridine' and chlonKace'tic aerid (Kruger, Bfer. 23, 2009). For the 
addition pre^ducts of pyrieline wilh dinitroeddorobenzene, cyanogen bromide, 
and the like, and the'ii’ decompeisition into glutaconalde'hyde de'rivatives, see p. 
202. The' r(!d (!oloralion produced wheai ehloroformic .acid evsle'r is ahde'd to 
pyridine can be use'.d to dete^cl small (|uantiti(!s of pyridine' {Hopkins, ,1. 117, 
278). For the aeldibon product of sodium bisulfiti' to pyridine, see p. 202. 
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Bromine adds to pyridine bydrochloridct to p;ive a perbromide, which is useful 
in the bromination of organic compounds (Rosenmund, Kulinhcmiy Ber. 56, 1262; 
Ro^ctirnvnd, Kifhnhrmi, Lcscfi, Ber. 56,2042). 

Pyridin(‘ is readily conv(S'ted by p(‘rb(‘nzoic acid to pyridine ^-oxide, m.p. 68°. 
Hydrochloride, m.p. picrntc', m.p. 179° {Mcif^enheimer, Ih'r. 59, 1848). 

PyridiiK' is r<-dnc(Hl by sodiurn and alcohol to piperidine. Pi])eridine hydro¬ 
chloride' is obtairu'd by catalytic nahudion of pyridine hydrochloride with a. plati¬ 
num oxides catalyst {HnmiUoti, Adani>i, Am. 50, 2260). 

With finely divideal Na, or K absolute ])yridine forms an addition compe)nnd 
which contains 2 mols of base' to 1 mol of alkali metal {Emnuri, Ber. 47, 2600; 
49, 1061); th(‘se C()m];)ounds are converted l>y water to tetraliydro-2,2or 4,4'- 
bipyridine (see below, and Emmr.rt, Ber. 50, 31). 

Derivatives of 4,4'-bipyridifie are also produced by the reduction of pyridine 
with zinc dust, and fu’etic anhydride (Dimroth, IJecyic, B(‘r. 54, 2934). The citron 
y(41ow 1,1'-diacetyl-l, 1',4,4'-t(4rahydro-4,4'-bipyridine, m.p. 125° (1), is 
prc'pared in this way. 

TT TT (I) R. = (X)-CIB 

RN< \nu (II) R = H 

\ ( 111 ) R == Alkyl 

A similar product is fornnal when lh<‘ pyridin('-Na compound (h'seribed above 
is tr('at(‘d with watc'.r (II). 1,1'-I)ialkylt<'trahydro-l,4'-bi])yridin(\s (TIT) an^ 

obt,ained by reduedion of alkyb>yridinium compourxls witli sodium amalgam 
(Emmeri, Th'r. 52, 1351) or by (4(‘ctn)lysis {Emmcri, Be^r. 42, 1997). 

The tetrahydro-1,4'-bipyridin(\s dissociate into free radicals wluai warmed 
(Ernniert, 53, 370; Dirnroth, Hrctie, Beiv 54, 2934). The cojistitution of these 
radicals is not (!(Md ain ; t hey could be carbon radicals (formulas a and b) or deriva¬ 
tives of tetravaU'iit nitrogen (c) {Weitz, Nclken, Ann. 425, 187): 


(a) (b) ... (c) 



N-Benzoylpyridinium, m.p. 229", dark brown, metallic yfiatelets (Weitz, 
Rolh, Ndhen, Ann. 425, 161); N-benzylpyridinium, brown-red, almost black 
crystals which giv(^ a very blue solution in alcohol (Wntz, Nelkm, Ann. 425, 187). 

1. HOMOLOGOUS PYRIDINES. Methylpyridines, picolines (from pix = 
tar, sinc(^ they w(^re obtairu'd from bom' tar): 2-picoline, b.p. 130°, d^^ 0.940 
giv(\s picolinir acid on oxidation; 3-picoline, b.p., 143°, d^ 0.9515, T4gCl2- 
salt: rn.y). 145°, is produc('(i by distillation of strychnine (see al'kaloids) {Ladcn- 
hurg, B('r. 23, 3555), by heating glyc(*rol with ammonium phosphates (p. 198), 
and by heal ing trimcthyle.nediamim^ hydrochloride (Ladenhurg, Siehcr, Tier. 23, 
2730); it oxidizes to nicoliriic acid. Id)r the' reaxjve'ry of 2- and 3-picoline from 
coal tar see Heap, Jones, Epeakmari, Am. 43, 1936. 4-Picoline, b.p. 144°, d^^ 
0.957 (Meisenhrimer, Ann. 420, 197), is forme'd t.og(‘t.her with 2-methylj)yridine 
in small amounts when pyridine methyl iodide' (y). 203) is heated; it gives iso- 
nicotinic acid on e)xidat-ion. 

Dimethylpyridines, lutidines (so named T>ecause (^f their isomeiism with 
toluidines): 2,6-lutidine, b.p. 142°, d 0.942; 2,4-lutidine, b.p. 157°, d 0.949; 
and 3,4-lutidine, b.y). 164°, arc found in bone oil (Mohler, Ber. 21, 1006; Ahrens, 
B(‘r. 29, 2996); t he lat/ter also occurs in Scottish shale oil \Garnii, Emyihe, Proc. 
Ghi'tn.Soc. 19 (1903), 1641. 3,5-Lutidine, b.y). 170°, is y>r('y)ared from its car¬ 
boxylic acid {Durkopf, Goltsch, Ber. 23, 1113) ami occurs in coal tar, togetlu^r with 
2,5-lutidine, b.y>. 160° (Ahrens, Gorkow, Be^r. 37, 2062). 

2-Ethylpyridme, b.p. 148°, d 0.949, and 4-ethylpyridine, b.p. 165°, d 0.952, 
are prey)ared by lieating th(^ ethyl iodide addition y)roduct of yyyridine; the 
former is also formed by nxluction of 2-y)yridim^ethanol (p. 212). 3-Ethyl- 
pyridine, b.p. 166°, is formed together with 4-ethyljpyridine by distillation of 
cinchonine or brucine (see alkaloids) with KOTT or from 5-('tTiyly)icolinic acid 
(Koenigs, JJoJfmann, Ber. 58, 191). 

2,4,6-Trimethylpyridine, 8-coUidme, b.p. 172°, is y)repared from tiie synthetic 
dihydrocollidinedicarboxylic acid ester (p. 198) by oxidation, saponification and 
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decarboxylalion; it is found in Scottish slialn oil [Garrett, Smythe, Proc.Chnni.Soc. 
19 (llM)d), 104) and in coal tar {Eckert, Loria, Mo. 38, 225). 2,4,5-Collidine, 
b.f). J()5 to lOS'', from (;oai iar [Ahrens, Her. 29, 2y9S). 2,3,4-Collidine, b.p. 
185 to 188'" [Eckert, Loria, Mo. 38, 243), oxidizes to carbocinchomeronic a(Gd. 
2,3,0-Trimethylpyridine, b.p. 174'" (734 min.), from coal tar {Eckert, Loria, Mo. 
38, 225). 5-£thyl-2-methylpyiidine, aldehydeeollidine, b.p. 178'", is obtained 
)'o)m several aldc'hydc* c.omiKmnds (p. 198). 0-Ethyl-2-methylpyridine, b.p. 

JbO'", from 2-m('thylpyridine-t)-e1.l)anol by reduction {JjdJjier, Thiel, Her. 42, 
137). 3-Ethyl-l-methylpyridine, ft-eollidtne, b.]). 190 to 200*", from cinchonine 

by dist illal ion with Kl )U, togt4iu-r w ith 3-e(.hylj)yridine {Koenigs, Her. 35, 1351). 
Syntlu'sis: Itazieka, Fornaser, liidv. 2, 338. 

2-Propylpyridine, conyrin'e, b.p. 107°, is obtained from coniine (see alkaloids) 
by di.stillation with zinc dust. 2-Isopropylpyridine, b.p. 158°, is produced to- 
p;(‘(h(‘r with the 4-isomer (b.p. 178°) when the propyl or isopropyl iodide addition 
pi-oduct of pyridine is heatiai; if is also pr( 3 )ared by rt;du(3,ion of 2-(p,/l'-di- 
itydroxyisoprop^ l)j)yridine (]). 212). 4-t-Butylpyridine, CJHN • ( Hk'Hrbs, b.p. 
J90 -197'", is oi)tain('d similarly from rihvtiro\y-4-i)Ul vl)pvridine 

(1) .212). 

Parvoline, 2,3,4,5-tetramethylpyridine, b.p. 227-230°, from coal tar {Ahrens, 
Her. 28, 790). 

2- and 4-Benzylpyridine, b.p. 270° and 287°, from l-bmizylpyridinium chloride 
or iodid(i at 270°, togellaa with a small lunount of 3-benzylpyridine, in.p. 34°, 
b.p. 287°, which is more advantageously prepanid from 3-benzoylpyridine (p. 
213) by nKluction with hydriodic acid and phosphorus {Tsehiischihalnn, Her. 36, 
2711). l-Methyl-2- and 4-benzylpyridinium iodidi^s are converted by aiiueous 
sodium hydroxide, not to dihydropyridols (p. 201), but by elimination of HgO to 
2- and 4-benzylidene-l-methyldihydropyridine, (Cell.X'H; )CJl 4 N(dl 3 , which 
regenerate the jiyridinium salts wdum treated with acids {Decker, Wislocki,\W.v. 
38, 249„G). See also the section on pyoddone m(4hides, p. 210. 

3,5-Dibenzylpyridine, ni.i». 89°, is formed by condensation of benzaldehyMe 
with benzoylpijieridine (p. 222) {liugheinur, Ann. 280, 30). 

2-Phenyipyridine, b.f). 209°, is prepaix^d from its carboxylic atad, a dcatomposi- 
tion product of berizo) A] quinoline, by decarboxylation {ej. f). 247) and from 0- 
[)henyl-2(l)-])yridone (p. 2 )9) by di.siillation with zinc dust {Lehen, Her. 29, 
1078). 3-Phenylpyridine, b.j). 270°, is obtained by diaairboxylation of its car¬ 
boxylic acid, a decomposition product of b(aiz.>|/Jquinoline, by distillation of 1- 
b(aizy]f)yrrol(^ througli a slightly incandescent tube and by treatment of pyrrole 
with beu/al chloride and sodium ethylate (p. 30). p-Nitrophenylpyridine, m.p. 
117°, from iiit,roisodiazobenz(Mie and pyridine, reduces to p-aminophenylpyridine, 
m.}). 102°, w'hich yields 2-phenylpyridine when deamiiiated {Kuhlvng, Her. 29, 
107). 4-Phenylpyridine, m.p. 77°, b.p. 274°, by oxidation of the condensation 
prodiKtt of acetoacef ic ester with bcnzaldehyde and ammonia {cf. p. 198). A 
mixture of 2- and 4-i)heiiylpyridine results from the action of benzenediazonium 
salts on pyridine {cf. Tschilschihafnu, Her. 37, 1370). 

0-Phenyl-2-picoline, b.p. 281°, from cinnaniylideneacetoiie oxime (p. 199 and 
Se.hoUz, Her. 28, 1727). 2,0-Diphenylpyridine, m.p. 82°, is obtained: {!) by 
disi illation of the oxime of cinnamylidenoacetophenone {cf. method 3, p. 199); 

(2) from 2,G-diphenyl-4-pyridiiiecarboxylic acid, pr<q)arcd by heating diphmi- 

acylmalonic acid with ammonia; and (8) by oxidation of 2-})henyl-5,6-bcnzo- 
cinchoiiinic acid {Faal, Her. 29, 798; Paal, Demeler, Her. 30, 1499). 2,4,6- 

Triphenylp 3 rridme, m.p. 137°; 2,3,5,6- and 2,3,4,6-tetraphenylpyridine, m.p. 
179° and 233°, and pentaphenylpyridine, m.p. 240°, are produced by the action 
of hydroxylamine on benzaldiacetophenone, l,3-dibenzo\idiphen\ipropane, de- 
soxybeTizoinbenzylidencace4;0})henone and benzamaron {ef. f). 199, m(;thod 3, 
and Wisliceycus, Ann. 302 , 233, 240; Knoe.vtnagel, Ann. 303, 225). For the 
preparation (from the corresponding pyrylium compounds with NHa) and prof)- 
erties of a large number of aryl-substituted pyridiiies, see DUthey, J.pr. 102, 
209-240. 

2,2 '-Bipyridine, m.p. 69° (picrate, m.p. 158°), is formed when dried pyridine 
is heated with sublimed ferric chloride to 300° {Hein, HeUe.r, Her. 61, 1790); 
it is also produced by distillation of copper picolinate {Blau, Mo. 10, 375) and 
pyrogeuically from pyridine {Meyer, Hofmann-Meyer, J.pr. 102, 287) and 2- 
bromopyridme {Wibaut, Ov&rhoff, Rec. 47, 761); it forms a characteristic deep 
red ferrous complex salt. 3,3'-Bipyridine, m.p. 68°, b.p. 287°, from its dicar- 
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})()xylio arid, an oxidation product, of phimanthrolino (p. 265). 4,4''-Bipyndine, 
m.p. I 12'' (dried ov(‘r li-^SOd, b.p. .SOo", is i>ropjuvd togetlior with an oily poly- 
iraa’ of pviidiia*, (C\,lliA')T, by Ibe ae.tion of sodium on pyridifie {Afrn'ns, Her. 
24 , 147S; f^Jninicrt, H(‘r. 50,21). A tetraniethylbipyridine, |(.'‘,U^(di,'i) 2 N] 2 , 
m.p. l-Ul", i.s obtaiiu'd when 2,B-lutidine is luaiUai ; it oxidizes to a bij)yridim‘- 
PMraearboxylie acid, which 4,4'-bipyridine when deearboxylali'd {lluth^ 

Her. 32, 2200). Hor d(‘riva4ivt‘s of t(‘tra,l\ydro-4,4'-bipyridiiu', see pp. 204, 218. 

For pyridylpyrrolt^ sc‘e p. 31 and WLbaut^ U(^c. 45, 607. 

Vinylpyridine, b.p. 160'', is pn^panal from pyridiuectlianol ([). 212) by elimi¬ 
nation of watcT, from /3-broino-2-pyridifie,propionic acid by (‘lirnination of CO 2 
and IlHr and from pyridine vapors and (4hylene by passage through an incandes¬ 
cent tube {Ladenhiirg, Her, 20, 1644; Einhorn, Ann. 265, 229). 

2-Propenylpyridine, (C’Jl 4 N}('H:CdlCOl;., b.j). 290", can be prepared by the 
reatOion of 2-pic*olin(‘ with paraldeliyde at 26()‘^ {Jjojlenburg, Ann. 247, 2t)); 
sodium and alcohol reduce it to propylpiperidine or inactive coniiytc (p. 332). 
4-Propenylpyridine, b.p. 201", from 4-picoiine and p.araldehyde (Ahrens, Her. 38, 
157), 2-Styrylpyridine, stiUmzoLr, Cf,(CII:C1IC«H,>)H4N, m.}). 61°, b.p. 325° 
by laaitinf^ 2-pi(;olin(5 wdth benzaldtdiyde and ZnCH. ihmzaldehyde and its 
subs!itiition j)roducts naict similarly with otlau* 2-m('(hylated pyridines, such as 
6-phenv]-2-!)icolin(; and 2,1-lutidine; 2,6-lutidine j^ives 2,6-dislvrylpvridine, 
Ar('nr(4I((V.H3N)CdI:dIAr (Drhnel, Her. 33, 3494; Feist, Her. 34, 464; 
Jinrke, Hcu'. 34, 1<S93; Dirrtg, H('r. 35 , 2774; Knich, Her. 35, 2790; Shaw, J. 
125, 23t)3). 4-Styrylpyridine, m.p. 217°, from 4-pie.oline (Fnedldnder, H(t. 38, 

2837), 


2. HALOGEN DERIVATIVES OF PYRIDINE. Pyiidinos 
containing halogen in tlie nuehnis are obtained with difliculty by 
the direct action of halogtois on pyridines; in the hoinologons 
pyridines bromine (‘specially rei)Iaces the hydrogen atoms in the; 
sid(^“chain ((/. /C?m(/.sc/o Ber. 25, 2985; 28, 1759). The substitution 
of the pyridine liydiogen atoms is mor(‘ readily aceomplislu'd by 
heating pyridiiu' or liydr(jxy})yridin(‘s with TOls or vSbCl^. 

When pyridiiK^ is laaited with PC4f, at 210 220° flussci products are obtained: 
2,6-dichloropyridine, m.p. 88°, which is also prepan^d by d(H*arboxylation of 
dichl(3roisoni(U)tiiiic acid, threi^ trichloropyridines, m.p. 50°, 68°, and 72°, 2,3,5,6- 
2,3,4,5-, and 2,3,4,6-tetrachloropyridine, m.p. 91°, 22°, and 75°, an(i, as the 
principal product, pentachloropyridine, C5(4t,N, m.p. 125", which is also formed 
from pyridiiK^diol or glutaconirnidc! with PCUr, (cf. p. 196) and, together with 
low(T chlorination {)ro(luets, by ])rolong<‘d treatment of ])yii(iin(‘ hydrochloiide 
with chlorine. 

2-Chloropyridine, b.j). 166°, is jaepared by the action of POt, on 2-pyridol 
or, more advantag(‘ousiy, on N-alkylpyridones (p. 209). With PHrj, -f POHra, 
the N-alkylpyridoiies give 2-bromopj^ridme, b.p. 193". Wlaui 2-ebloropyridine 
is tnaated with mi4hyl iodide, 1-methyl-2-io(iopyridinium iodide, (CIL)!, 

is formed (Fischer, Her. 32, 1297). 3-Chloro- and 3-bromopyridine, b.p. 148° 
and 170°, are obtained from potassium pyrrole with CliCb and CHBi’s (p. 30); 
3-chloropyridinc5 is also prt'panai from Q’-chloroglut,a(;onaldehjnle and NHj 
(IHeckniann, Her. 38, 1651). 2-Phenyl-6-chloropyridine, m.p. 34°, from phenyl- 
pyridiiH^ (Lehen, Ih'r. 29, 1679). 4-ChIorolutidine, b.p. 176° to 178°, from 
lutidoru^ (M irhacMs, Hal ken, Ann. 331, 254). 

3. PYRIDINESULFONIC ACIDS. 3-Pyridinesulfonic acid, CjILtSOaIBN, 
is obtained from pyriditu‘ with fuming sulfuric acid. Its sodium salt gives 3- 
cyanopyridine, the uitiile of nicotinic acid, when distilled with KCN, and 3- 
pyridol when fused wnth KOH. 2-Pyridinesulfonic acid, m.p. 240°, 4-pyridine- 
sulfonic acid, m.p. 135°, and 4-lutidinesulfonic acid arc produc(3d by oxidation of 
the corresponding mercaplans (p. 211 ) (Marchwald, Kletnrn, Trabert, Her. 33, 
1656; Koenig, Kinne, Her. 54, 1357). When pipen(line is heated with sulfuric 
acid both pyridine and pvridinesulfonic acids are formed. 

4. PYRIDINEARSINIC ACIDS. 3-Pyridinearsmic acid, CsILNAsO- 
(OH)a, m.p. 112°, from 2-chl(^ro-3-aiiiinopyridiue by replacement of the amino 
group and subseciuent removal of the chlorine (BinZf R^th, Gante, Ann. 467, 11). 
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5 . NITROPYRIDINES. The nitration of the p)yridine nucleus is apparently 
possible only whim NH 2 , OH, or similar groups are present; these are the same 
groups which facilitate the nitration of benzene. 

Nitration of 3-pyriclol (p. 20'.)) gives two nitropyridols, m.p. 211° and 295- 
298° (dec.), and dinitropyridol, rn.p. 133° {Weidd^ Murmann, Mo. 16, 749). 
For nitroarainonicotinic acids, si^e nicotinic acid. 

6 . AMINO- and HYDRAZINOPYRIDINES can be prepared from 2- and 
4 - (but not 3-) halogenopyridines by treatment with NH 3 or N 2 H 4 . Aininopyri- 
dines are also obtained from pyridinecarboxylic acids: (i) by i,he action of KOBr 
on their amides {Hofmann reaction) [(’nmp.s, Arch.Pharin. 240 (1902), 345], or 
(S) by conversion of tlii^ acid azides to j^yridyluridhans with alcohol and de¬ 
composition of the latter {(hjrtius reaction). 

The most convimient method of })reparing 2 -aminopyridine and its homologues 
was introduced by THrJdtschibahin: it consists iii the reaction of sodium amide 
witli pyridine in boiling toluenii IT.'ichitxrhihahin, Sridr, .1 .Huss.Phvs.Chimi.Soc. 
46 (1915), 1210 ; Wihaut, Ih’ngrmansr, Hoc. 42, 240; Gov. Pat. 358397, 1920, 
Frdl. XIV, 529; Ger. Pal. 302410, 1920, Frdl. XIV, 530; Ger. Pat. 374291, 
1914, Frdl. XIV, 527] : 


J + H-NHNa 

Some diaininotjyridine is also forrni'd. 

The 3 -amin()p> ridines rissisnble th(‘ aniliniss most, closi'ly, sin(M‘ they form diazo- 
and diazoamino compounds and azo dyiss \(f. tin' ri'actions of diazot ized 3-amino- 
pyridiiie: Ti^ciiiUdidudnn^ HJ(ts(inznr^ J.Russ.Phys.tOa'm.Hoc. 47 (1910), 1571; 
Tj^rhitsc-hihahin, ibid. 50 (1919), 502, 512; I'schitsrhlbalfijf, Srhoffijokina, ibid. 
53 (1922), 217]. VVlteii tri'ati'ii with alkyl.atitig agents or witli chloroacetic acid 
(TschUsc/ubnbi'/t y Kotiouvdou'n, Kouoirolomn y Bi'r. 54, 814), 2-arninopyridine 
often reacts in the t-autonu'ric form as 2 -pyridon('imine: 


-NH 
H 

(see the section on tlu' taut.omeri.sm of the pyridine nucleus, p. 197). 

2- Aminopyridine, m.p. 57°, b.p. 204°, is formi^d from 2-chloropyridine with 
zinc chloridivamrrionia at. 220° (Farghcry F//rac.s‘.s*, ,). 107, 088), from 2- or 6 - 
aniinoiiicotinic ai'id by di^carboxylation and from picoliiiarnide; it is prepared 
in very good yield from pyridine and sodium atnidi' (seii above). 2-Methyl- 
aminopyridine, b.p. 200° (picrati*, m.p. 190"), from the sodium diTivativc of 
2-aininopyridin(‘. with raet.liyl iodide {Tsduti^chibabin, Konowaloivay Konowaloway 
Ber. 54, 814). 2 -Dimethylaminopyridine, liquid (picrate, m.p. 182°) {Tsdiit- 
achihahin, Konowalowa, Bin-. 59,2055). For 1 -methylpyridoneimine, see p. 209. 

2- Anilinopyridine, m.p. 108°, from chloropyridine and aniline zinc chloride 

{Finchery Ber. 35, 3074). 2-Amino-3-methylpyridine, 2-amino-3-picolmey m.p. 
20°, from 3-})icoline with sodium amide (Ncn/c, Ber. 57, 1802). 2-Amino-4- 
methylpyridine, 2-amino-4-picoliney m.p. 104° {Hcide, Ber. 58, 1733). 2 - 

Amino-O-methylpyridine, (}-amdno-2-pico(in€, m.p. 41° {Meyery Rec. 44, 323). 

3- Aminopyridine, m.p. G4°, b.j), 251° from nicotinamide with KOBr, from 
the corresponding iiitro comj)ound {Kirpnly fleiiefy Ber. 58, 099) and from 3- 
amino])icolinic acid {Meyery Ri'c. 44, 323); it. is also formed in the deconq>osition 
of 3-pyridylurethan, (()NHG() 2 (bHr,, m.p. 87°, and dipyridyluri'a, wdiich 
are obtained from nicotinic acid azide (p. 214) witb alcohol or water {CurtiuHy 
Mohr, Ber. 31, 2493). Fur ]) 3 Tidinediazoniuin salts, 2 -(iiazoaminopyri(lin(q 
(C;.Jf 4 N)N ;N'Nll((5')HiN), and pyridineazori^sorcinol see Mohr, Ber. 3i, 2195. 

3- Amino-4-methyIpyridine, m.p. 1 () 0 ° {Koenign, Fulde, Ber. 60, 4100). 

4- Aininopyridme, m.p. 155°, from isonicotinamide \Campny Arch.Pharin. 240 
(1902), 245] or from 4-aminodipicolinic acid by decarboxylation {TschitnchiJxihiUy 
Ossetroway Ber. 58, 1708). It often reacts in the tautomeric form as 4-pyridone- 





NHNa 


+ IE 


iho 




NIR 


+ NaOH 
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imine (p. 197). 4-Amino-2,G-lutidine, m.p. 180°, b.p. 246°, from tho ainino- 
latl(lin(H'arl)()xyli(' acid. 

2,f)-Diaminopyridine (Meyer^ Stnfferif Mo. 34, 517; 7\scMtscMhahin, Kirsanou\ 
60, 700); 2,3-diammopyridiiie, m.p. 112° {Tschilmrhibabin, Kirsanow, lor. 
rit. aiwl Konoprtirki, Plazek, B(‘r. 60, 2045), bot h from the corrospondiiig 2-amino- 
nitropyridiiK's. d,5-Diamino-2,0-dimethylpyridine, m.p. 170°, from lutidine- 
di(%ar})oxylic acid diazide (Moht\ Jh'r. 33, 1114). 

2,2'-Dipyridylamine, m.p. 95.5° \Wibauty La Bastidc, Koninkl.Akad.Wetten- 
KcliapiK'ti Aiikslerdam, wisk.na1k.Afd. 36 (1927), 514]. 

2- and 4-Hydrazinopyridine, m.p. 48°, b.j>. 140° (20 mm.), from the corre¬ 
sponding hidogenopyridincs with hydrazine [Fargher, Furueas, J. 107, 688; 
TsckiUchihabin, Raxoreoow^ J.ltuss.Phys.Clhem.Soc. 47 (1916), 1286; Koraignj 
MiebUy (hirlty Ber. 57, 1180|. d-Hydrazinopyridine, m.p. 55°, from 3-pyridine- 
diazonium chloride by rt*duction with SnCdi (Brit. Pat. 259961, 1920). 4-Hydra- 
zinolutidine, m.p, 116°, from 4-chIon)lutidine with hydrazine hydrate at 150°. 
With pla'iiylliydrazine 4-chlorolul.idine forrn.s 4-phenylhydrazinolutidine, CaHs- 
NIINfT(C 7 nsN), wlu(4i is converted by oxidation to benzeneazolutidine, CeHt- 
N:N(C 7 n 8 N), m.p. 03° (Marckwald, Riidziky B(‘r. 36, 1111). 

For arsenopyridine, pyridinearsine, CaIRN-A slli-, see Bimz, Rothy Gante, 
Ann. 467, 11. 

7. HYDROXYPYRIDINES. The hydroxypyridinoH resemble 
the Mininopbeiiols in forming; salts with l)()th atdds and liases. They 
are readily jirt^pared by d(‘(*arboxylntion of tlie hydroxypyridine- 
earboxylic acids, most of whitdi have been obtained from the cor¬ 
responding pyrone derivatives (p. 177j with NH3. The hydroxy- 
pyridines are generally colored red by ferric (diloride. Like the 
phenols, 2- and ^-jiyridols couple with diazoniiim salts to give p- 
hydroxy azo dyes. 

The 2- and 4-pyridols behave like cyclic imides or lactams. 
They must be considered as 0 x 0 derivatives of hydropyridines, or 
pyridones. For 2- and 4-monohydroxypyri3ines tlie following 


tautomeric formulas are 

possible : 



/:H~C(0TT). 

(I) CH<f 

\CH - CIV 

(II) 1I0C< 

/CH~CIK 

/■?\ 

^CH=-CIK 

HC 1 CH 



(111) 

1 0 II 

.CH-CO. 


CH=CHv 

HC 1 CH 

(la) CH<f >NH 

(JIa) OC< 

>Nn 

\y 

H 

\C1I=CH/ 


\cri=CH/ 

2-Pyridol, 2(l)-pyridono 

4-Pyridol, 4(l)-pyridone 



Derivatives of the hydroxyl form have been converted to the 
imine form. Thus, 2-'phen()xypyridine is rearranged by passage of 
its vapors through a slightly incandescent tube into l-phenyL2{l)- 
pyridone (Tschitschibahin^ JeletzkiR Ber. 57, 1158). 

For l-aryl-4(l)-pyridones the phenolbetaine formula III has been 
proposed (Fischer^ Demeler^ Ber. 32,1808; Smirnoff, Helv. 4, 599). 

These formuhis must b(^ considered for the 2,6-pyridinediols or glutaconimides: 


.CFI~C(OH). 

(I) CII<f 

\CH=C(OH)/ 


(II) CH<( ' NnH 

\CH=C(OIT)/ 


.CH—CO. 

(Ill) CH<f >NH 

\CHr-CO/ 
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The nicml:)ers of this group are typical tautomeric compounds (see the section on 
tautomerism in VoL 1, p. 48). 

In addition to the in(;thods of preparation outlined above and the ring syiithesos 
described on p. 199, hydroxypyridines can also be obtained by dinict introduction 
of the hydroxyl group into the pyridine nucleus. This is accomplished by passage 
of th(^ vapors over pulverized KOH heated to 300-320'' {TscMtHckibahin, Bi^r. 56, 
1882). This reaction, which evolves hydrogen, is analogous to the introduction 
ol the amino group with NaNH 2 (see p. 207). 

(a) Alofioki/droxypijrldirics. --2-Pyridoi, 2(l)-pyridone, (x-pyrldoney m.p. 
100°, b.p. 281°, mercuric cldoride double salt, m.p. 192°, is pn’pared from its 
carboxylic acids, h^^droxynicotinic acid and hydroxycpiinolinic acid (p. 217), or 
a(^cording to tlu'; methods given above. Witli i)romin(^ water it forms dibromo- 
puridoly C 6 H 3 Hr 20 N, m.p. 200°; with (jthyl iodidti it gives i-dhtjl-2{ l)~pi/ridone, 
XTl- COv 

Cll<( /NCbila, b.p. 247°, while its silvca- salt givi;s 2-<'ihox)fpyridine, 

\CII=CH/ 
yCli-CCOCblU)^ 

Cll/ yN, b.p. lotP; with diazonu'tliane 2( 1)-i)vridone forms 

2~nf.eihf>xypyridine (c. J^echmann, Her. 28, 1027)). \-Mtithyl-2{\)-pyrido7ie, b.p. 

100° (St) mm.), from l-methyl-2-])yrido!ieimin(‘ l>y boiling with alkali {Tackit- 
schibabin, Konowalowa, Konowalowa, Her. 54, 814). N-Alkyl-2( 1)-i)yridones iire 
generally formed from 2-chloro-1-alkylpyridinium halid(\s wit,h acpieous sodium 
hydroxide and from l-alkylpjTidiiiium h.didi'.s with acpieous sodium hydroxide 
and potassium forricyanide (p. 2t)i and iJcchr, KaKjtnami, J.pr. 84, 435). 
When N-alkylpyridom^s are heated vvit,h phosi)liorus halides, alkyl Inilide is split 
off, leaving 2-halogenopyridincs (p. 2t)G) {FUcker, Her. 32, 1297): 


/CH—(Tlx /(dia 


Clf— 

>nch3 


.CH—(XT 


2,4-Dimethyl-2(l)-pyridone, pscudolutidodyrily mesilrne lactain, m.p. 180°, is 
prepared from d i me thy 1 - 1 , 2 -py rone or mesit.erie laclone (i>. 178 ) with NIR, and 
from its cat-boxylic acids. 0-Phenyl-2(I)-pyridone, m.p. 197°, from phenyl- 1 , 2 - 
])yr()ne with ammonium acetate; with anilin(‘, 1 , 0 -diphenyl- 2 ( 1 )-pyridone, m.p. 
145°, is formed {Leven, Hc'r. 29, 1077). 

3- Pyridol, m.p. 124°, distills undecoinposed; it is obtained from 3-pyridine- 
siilforiic acid by fusion with KOII or from d-aminopyiidine with nitrous acid. 
Its ethyl ether, C<,Il 4 (()C 2 tl 5 )N, results from the reaction of alcoiiolic KOH with 
o-l)rom()])yridin(\ 

4- Pyridol, 4(1)-pyridone, y-pyridone, CXH{,ON( 4 TI 2 O), m.p. 148°, is ])re]>arcd 
from its carboxylic acids, hydroxypicoliiiic add and hydroxydipicolinic^ acid (p. 

Xdl-AdJs. 

217). With methyl iodide it gives l-methyl-4(l)-pyridone, OCY yNClIs, 

Vtj-cif 

m.p. 89°, and with diazoinetliaiui a mixl.ure of l-nu‘thyl-4(I)-pyridone and 4- 

XTI-CTI 

methoxypyridino, (CH 30 )Ck yN, b.p. 190° [Peraioncr, AzzarelLo, 

\CH=CH/ 

Atti accad. Lincci 15 (1900), 1, 139 1 . Tlni latter is also formed from 4-chioro- 
pyridine with sodium methylate; unlike its isomer, it is decomposed by hydriodic 
acid into mcdiiyl iodide and 4(1)-pyridone. 

2,0-Dimethyl-4(l)-pyridone, 4-lutidone, m.p. 225°, is oi^tained from 2 , 6 -di- 
m(4,hyl-4(l)-pyri(loru‘dicarboxylic add (p. 2l7) and from ddiydrtmct'tic add 
(p. 178) with Nils {SedguHck, Collie, 4. 67, 399). It r(;acts witli phe.nylhydra- 
zine to form a i)henylhydrazone, (CvllaN)N:NJSillC«tl 3 , m.p. 125" {Fctretiko- 
Kritschenko, Afo!^sr„'^('hivili, J.j)r. 64, 490). 

l,2,0-Triniethyl-4(l)-pyridone is formed from 4-chloro-l-mc'thyllutidinium 
iodide with dilute aqueous sodium hydro.xidt' (J/h/uic/d, Holkfn, Aim. 331, 250). 
4-Etho^lutidine, b.p. 207°, from 4~aminoJutidino (p. 20S) by diazotization in 
alcoiiolic solution {Marekwald. Her. 27, 1328). 

1 -Methyl-2-imino-l,2-dihydropyridine, l-7ncihyl-2~pyrido»ei7ni}ie, picrate in.p. 
201 results from the action of methyl iodide on 2-aminopyridine ( Tachitachihabin, 
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Konowalowa, Konmjoalowa, Ber. 54, 814); when heated it rearranges to 2-methyl- 
aminopyridine {ReiruieL^ Rauch, Ber. 58, 394). 

Methylenedihydropyridiiies, Pyridone it/ef/iide.s.'—Methylenedihydropyridines, 
which may be considered as (i(^rivativ(^s of 2( 1)- and 4(1)-pyridone, are produced 
by the action of alkali on th(i diiiK'thyl sulfate or alkyl iodide addition products 
of 2- and 4-methylpyridines (I). In the case illustrated below, a series of inter¬ 
mediate steps culminate in tlui formation of two interconvertible methylene- 
dihydropyridines (II and III), which correspond to the rnethylenequinones of the 
aromatic scales. Thc'se compounds might also exist as free radicals (IV). The 
simplest nuanbers of this group, from 2- and 4-picolin(i, have not yet bc'en re¬ 
ported {Milium, Hingst, Ber. 50, 2301; THchUschihabin, Benewolensknja, Ber. 
01,547). 


(I) 


CHa 

HfiCsOOCjj^COOCWs 

ii,cl[^Jcn3 

iisC^ ^o-soj-crij 



( 11 ) 


( 111 ) 


CHj.... 

CHa I 

HaCaOOCil^COOCalls HaCaOOC|^COOCaHa 


HaCi 




''N. 

Clla 


HjO 




(IV) 


J ■■ 

CH, 


The methylenedihydropyridines are intermediate products in the prc'jiaration 
of thc^ pyridine analogues of the carbocyanines, which an^ formed by the action 
of Sodium alc-oholates on 1,2- and 1,4-dimethylpyridiiiium iodides in the presence 
of chloroform {Roseuhauer, Barlei, Ber. 62, 27^): 



l,l'-Dirnftthyl-2,2'-carbopyridinec3'^auin(^ iodicic 

For other methylenedihydropyridines, see Mumm, Ann. 443, 272. 

(b) Dihydroxypyridincs.—2,Q-Pyiidinediol, ghuaconimide, C^HbOaN, m.p. 
184®, is prepared from hydroxyglutarimide, glutacoiiamic acid, glutaconamide or 
dihydroxydinicotinic acid (p. 2l7). Its salts (chloride 4- H 2 O, sulfate + 2 H 2 O) 
are decomposed by water. Distillation with zinc dust converts it to pyridine, 
PCls converts it to pentachloropyridine {cf. p. 206). 

2 ,5-Pyridinediol, m.p. 248®, characterized by its blue coloration with ferric 
chloride, is obtained from 3-pyridol by fusion with NaOH {of. p. 209). It is 
oxidized by Mn 02 and sulfuric acid to a pyridinequinone, C 5 H 8 O 2 N (Kudeniatsch, 
Mo. 18,613). 

Other isomeric dihydroxypyridines have been prepared by the fusion of pyri- 
dinedisulfonic acids with KOI! (Koenigs, Geigy, Ber. 17, 1832) and by the de¬ 
carboxylation of comenamic acid and dihydroxypicolinic acid (p. 217) (Weidel, 
Blau, Mo. 6, 651). 

3-Methyl-2,6-pyridinediol, C 5 (CITs)H 402 N, m.p. 191®, 3-ethyl- and 3-benzyl- 
pyridinediol w^ere synthesized from methyl-, ethyl-, and benzylglutaconic acid 
ester with ammonia (Ruhemann, J. 63, 259, 874). 4-Phenyl-2,6-pyridinediol, 
m.p. 255° (Ruhemann, Proc.Chem.Soc. 1898/9, No. 202, 6). These dihydroxy- 
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pyridiiH^s correspond to resorcinol in the benzene series, and like it ^ive dyestuffs 
with phthalic anhydride (cj. p. 20^aiid Hukertiann, Bcr. 26, 1559). 

6-Methyl-2,4-pyridinediol, rn.p. 331°, is obtained from the synthetic dihy- 
droxypicolirdc acid (p. 217). With N 2 O 8 it yields a nitrosomethylpyridinediol, 
which is converted by treatment with stannous chloride and hydrochloric acid to 
methylpyridinetriol, m.p. 254° {Hess, IhT. 32, 1985; cJ. Lapworth, Collie, J.71, 
838). 

Ricinine, the poisonous alkaloid of the castor oil plants, has been identified as 
a derivative of a hydroxypyridone {Spdth, Z.augew.Chem. 1928, 1261): 


OCH, 



CRz 


Ricinine, 1 -methyl-4-methoxy-3-cyano-2 (1) -pyridone 

(c) Trihydroxypijridines .— 2,4,6-Pyridinetriol, triketopiperidine, decomposes 
at 220 -230°; it corresponds to phloroglucinol. It is formed when glutazine is 
boiled with hydrochloric acid; this reaction is reversed when the triliydroxypyri¬ 
dine is heated with ammonia. Glutazine, ^-iminoglutaritnide, 


HN: 



m.p. 300° (dec.), is obtained from /3-oxoglutaric acid by warming with ammonia 
(i>. Pcckmann, Her. 20, 2655). An isomeric tri hydroxy pyridine, pyromecazonic 
acid, is formed by the reaction of pyromeconic acid (p. 179) with ammonia; it 
gives an indigo blue coloration with FeCl«. 

8. PYRJDINETHIOLS. Mercaptans of the pyridine series arc prepared 

from 2- oc 4-halogenopyridines by treatment with alcoholic KSH-solution 
{Marckwald, Klemrn, Trabcrt, Ber. 33, 1556). 2-Pyridinethiol, thiopyridonc, 
yfdlow prisms, m.p. 125°, from 2-chloropyridine, is converted by iodine to a di¬ 
sulfide, m.p. 58°, by nitric acid to pyridinesulfonic acid (p. 206) 

and by methyl iodide to methyl 2-pyridyl sulfide, b.p. 197°, which is also ob¬ 
tained by distillation of the metliyl iodide addition product of 1-methylthio- 
pyridone, CsH-iSN (CH 3 ) , m .p. 90°. 1-Methylthiopyridone has been formed from 
l-methyl-2-pyridone with P 2 S 6 and from 2-iodo-l-methylpyridinium iodide with 
KSH (see above). 

4-Pyridinethiol, m.p. 177°, yellowish white, from 4-ch1oropyridine and KSH 
{Koenigs, Kinne, Ber. 54, 1357); the corresponding disulfide, colorless, m.p. 
155°. 

l-Methyliodopyridinium iodide reacts with potassium selenide to form 1- 
methyl-2-selenopyridone, C 6 H 4 SeN(CIl 3 ), m.p. 80°. The methyl iodide addi¬ 
tion product of the latter is converted by distillation to methyl 2-pyridyl selenide, 
(C 5 H 4 N)SeCH 8 , b.p. 212° {Michaelis, Holken, Ann. 331, 245). 

2,6-Dimethyl-4-pyridinethiol, ihioluiidone, m.p. 224°, from 4-chlorolutidine; 
lutidyl sulfide, (C 7 H 8 N) 2 S, m.p. 83°; disulfide, m.p. 57°. The mercaptan is oxi¬ 
dized by alkaline H 202 -solution to 44ididinesulfonic acid, 1 -Methyl -4 -thioluti- 
done, m.p. 268°, from 4-chloro-l,2,6-trimc1hylpyridinium iodides with KSH, 
reacts with methyl iodide to form the mcdhyl iodid(^ addition product of 4- 
methylthiolutidine, (C 7 H 8 N)SCH 3 , m.p. 51°, b.p. 233°. 1-Methyl-4-thioluti- 

doiie is oxidized by chlorine water b) a trioxide, C 7 HgN((dl 3 )SO;i {Mivhaelis, 
Holken, Ann. 331, 245). 

9. PYRIDINE ALCOHOLS. Pyridine alcohols or pyridine alkines are pre¬ 
pared: {!) from 2- and 4-alkylpyridines by aldol condensation with aldehydes; 
{2) from their hydrobromic acid esters, the homologous pyridines brominated in 
the side-chain, by heating with water; {3) from the corresponding ketones by 
reduction; and { 4 ) by the action of alkylmagnesium compounds on the pyridine 
carboxaldehydos, which are difficult to obtain {Lautenschldger, Onsager, Ber. 51, 
602 ). 
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3-Pyridinemethanol, C5n4N*(TT20ri, is obtaiiKd from its bromide, which is 
from b-pHUilino with at lo(J° {Deknclf Jh'r. 33, b408). 2- 

i\b*lhyl-5-(a-broii]o«*lhyl)j)3oidinr when l)oil('d vvitii water yields Q!,0-dimethyl-j- 
pyridinemettiaiiol, Cdl;(('tl,jN<‘il((>11 )( ’Hh, b.p. 240” {Knudsen, Ber. 28, 
J7ry)). ci^-Ethyl-2-pyridinemethanoi, ('JbN (Ul(()H)(2Hi,, b.p. 12:1-127)” (20 
mmj {M ti^cnih inter , Ahiidir, Ann. 462, ;j01); <v-phenyl-2- and -4-pyridme- 
methanol, (-JliN *011 (Oil jC'i,!!,,, m.p. S2” and 120”, by reduetiun of 2-propionyl- 
pyridiiK' find 2- and 4-bi'n/oylpy]idm(' with .s«)diiiiu ainal;j;am {Tsrhitsrhibahm, 
Ber. 37, 1270). «,rv-Dimethyl-2-pyridinemethanol, C'JliN • CKOII)(CIl3)2, m.}). 

51”, b.p. 204”, and r>',a-diethyl-2-pyridinen'‘ethanol, b.p. 15:i” (24 mm,), are ob- 
taiiK'd froni })i<*olinie aeid ester and alkvlma[!,nesiiim lialides {iSohecki, 41, 

4io;i). 

Tlu^ followirij;< alcohols wore pr('[)ared by the condensation of 2- and 4-alkyl- 
pyridines with ald(4iyd(;s (Ladcnbnrg, Iha*. 22 , 2583; Ann. 301, 124; Matzdorff, 
Bit. 23, 2709; Bach, Ber. 34, 223-3; Koenigs, Happe, Ber. 35, 1343; 36, 2904; 
Lipp, liichard, Ber. 37, 737; Lipp, Zerngibl, Ber. 39, 1045; Lofflcr, Thiel, Ber. 
42, 132): 2-Pyridineethanol, picoLLne alkinc, Cr,H4N-CHaCHaOH, b.p. 115” 
(9 mm.), /5-hydroxyinethyl-2-pyridineethanol, 2-(/^l,i3'-dihydroxyisopropyl)pyri- 
dine, (:..Il4A • Cl 1 (('1 IjOlI ) 2 , m.p. 78”, and d,/^-di-(hydroxymethyl) -2 -pyridine- 
ethanol, 2-(/C/B,d"-trihydroxy-/-butyl)pyridine, C&II^N • (HCllaOIl)^, m.p. 08”, 
an* (Ik* prodmds of tlu* (*on<i(‘n.snnon of 2-])ic(>line with formaldtdjydc'. 
heated with liydrobiomic or hy<h io(lic a( id ])yridinect4iaj)ol 34('lds 2-/ii-bromo- or 
iodoethylpyridine, Ci,i I4N • (dl;;CJl X, uFistaidc* oils, wiiieh n'adily rearrani;(! to 

C:H CM:C-~ CHa 

the high-melting bicyclic pyridinium salts, || I I , m.p. 213° and 

CHC14:NX*CH2 

227°, and w'hieh react wntli NIC and amiru^s to form compounds sucli as 2-^- 
aminoethylpyridine, (.dliCIbjNHo, b.p. 91° (12 mm.) {Lojjicr, Ber. 37, 

101; Lojflcr, Kirschnc,r, Ber. 38, 3329). 4-Picoline and formaldehyde give 4- 
pyridineethanol, CslBN-('1:120112011, b.p. 152° (14 mm.), picrate m.p. 135° 
(Meiscnheinier, Ann. 420, 202), and /3,/Bdi-(hydroxymethyl)-4-pyridineethanol, 
CJI.1N ('(ClbOlIja, 4-(/i,/6’',^"-trihydroxy-/-butyl)pyridine, m.p. 150-157°. 
2,()-Taitidiru‘ and forinal(l('hyd(‘ giv(^ ()-methyl-2-pyridineethanol and 2,0-pyridine- 
diethanol, in.]). 55° and 74 °. s-CoUidine and forinald(‘hyde give/J-hydroxjrmethyl- 
2,b-dimethyl“4-pyridineethanol, 2,t)-dimethyl-4-( jS, j3 '-dihydroxyisopropyl) pyri¬ 
dine, C.,Il2(Cdl;0i>N •Cll(Cn2()ll)2, m.]). 10;r\ ami 2-etlpylpyridiiH* yield.s 
methyl-2-pyridineethanol, ChlBN-Cd^CIOCdBOli. The iodide from 4-pvri- 
diiK'ethanoI and III, like 2-iodo(‘tliylpyridine (si'e abov(') re,arrang('S wlu'ii heated 
to a bioyche ])yriclinium salt: 

CTKx 

Cf CH2-(dl2 ^N1 

(Ldffler, Stc.itzel, Ber. 42, 121). Ib'ductiou wdth h3niriodic acid and phosphorus 
or with zinc dust converts these alcohols to the corresponding alkylpyridines, and 
oxidation transforms them to pyridinecarboxylic acids, a-Methyl-2-pyridine¬ 
ethanol, C5TI4N•CTJjCX^OHjCHs, m.p. 32°, b.p. 124° (20 mm.), a-phenyl-2- 
pyridineethanol, Cf.n4N-0112(^1(011)(JoH5, m.p. 97°, from picoline with acetal¬ 
dehyde and benzaldehyde. a-Trichloromethyl-2-pyridineethanol, m.p. 87°, from 
2-picoHne and chloral; for its reactions, S('e p. 202. 

10. PYRIDINECAMOXALDEHYDES are ditficult to prepare. Reduction 
of the corresponding acid chlorides yields small quantities of aldehydes [ Rojahn, 
Schulten, Arch.Pharm. 264 (1926), 348]. 

11. PYRIDINE KETONES. Ketoiu;s of the pyridine scries are prepared by 
distillation of (la salts of pyridinecarboxylic acids with Ca salts of fatty or aromatic 
acids {Hess, Munderloh, Ber. 52, 987) and by ring-synthesis {Scholiz, Ber. 30, 
2295; Knoevenagel, Ruschhaiipt, Ber. 31, 1025; Bcitary, Psille, Ber. 57, 828). 
On reduction they form secondary alcohols and pinacones. 

2-Acet34p3rridine, b.p. 192°, from the Ca salt of ])icoIinic acid and calcium ace¬ 
tate, orfme, ni.]). 120°, phengthydrazon-e, m.p. 155°; for condensation products 
with aromati(! aldehy<l(js, see Kngler, Englcr, Ber. 35, 4061. S-Acetylpyridine, 
b.p. 220°, from tlie Ca salt of nicotinic acid and calcium acetate. 5-Acetyl-2-^ico- 
line, b.p. 233°, from the corresponding alcohol (see above) by oxidation (Knu(K 
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TiiT, 28, 1704). 2-Propionylpyridme, b.p. 205®, is roOucod by Na and amyl 
al(U)hol to a-*etliyl-2-pij)cridin(anothan(>l, (\>H:,OIT(()If)(p. 224), and 
Iluai into (d -f- /)-coniino (p. 332). .‘j-Benzoylpyridine, (VJTf,(JO-CJliN, b.p. 
307® (l^crnfhsen, Mett€(jang, M(‘r. 20, J20H), from iK'nzoyipicoIiiiic, or isr)nic()tinic 
Mcids (]). 215), givos two isoruoric o\ini('s, lu.p. J42" and 102®. 2-Benzo5d- Mud 
4 -benzoylpyridine, b.p. 317®, and m.j). 72°, b.p. 315°, from tlx' l><mzylpvrid)n(^K 
(p. 2o5) by oxidation. 3,5-Diacetyl-2,0-lutidine, (\tl(( 4)(dlOjfDHiO-N, m.p. 
74°, is pr(‘]>an;(l from 3,5-dia.r'oty]-3-h(‘pf«‘n(*-2,(>-dion<‘, ((dl;iD())-.>( 41(01:- 

('(("(K>H.-t) 2 , with amna)nia a?id from its dihydro derivative by oxidation \\ith 
N 2 (^^ (Scholfz, pel'. 30, 2295; (Vm'.sea, Ann. 2Q7, 7L). Other pyridine k(4oneH 
ieiV(^ be(m similarly obtaiiual from th(4r diliydi'o derivat ives, sueh as 3,5-diacetyl- 
4-phenyl-2.0-lutidine, m.)). 1SS°, from beJizala(*(‘tonylaei'ton(‘ with aniinoacu'tvl- 
.'M“<4on(‘ (KnorvcnngrI, Nnschhaifpl, J5er. 31, 1020). 2-Acetoacetylpyridine, 

(tJIiN-(^ 0 ( 2112 ( 200113 , m.p. 50°, b.j). 137-143° (15 mm.}, from piecdiitie aei(l 
ester, aechoru*, and sfxlium ihhyl.at.e (Wridrl, Mo. 17, 401). 3’-Acetoacetyl - and 
l-acetoacetylpyridine are ()i)t,ained by I fie smiu' nahhod from nieotinie and iso- 
nieotinie aeid ('sj,(*r (I'schvrnc, Mf). 22 , (>15}. 

12 . PYRIDINECARBOXYLIC ACIDS. Carboxylict aoids of 
tlio pyridiiu' series ;ire formt'd by riiiR'-synth(d,i(t inetiiods or by 
oxidation of lioniologous pyridiiies with potassinni pernuingamite 
solution, alkyl and plnniyl groups being eon verbal to carboxyl groups 
(rj. p. 202 ); in eondcnsed jtyridine derivatives, such as (juinoliii(‘ and 
istxiuinoline, the benzene ring leavt's ctirboxyl groups when it is d('- 
sfroyed by oxidation. Therefore, most alkaloids, being dta’ivatives 
of pyridine, quinoline, and isoquinoline, an^ converted to pyridine- 
(tarboxylie acids by energetic oxidation. In the ])rei)aration of these 
jicids it must also be rern(‘ 4 ubered th.at th(‘ pyridine ling it.stdf is de¬ 
stroyed by oxidation on long boiling, (^specially with KMiit )4 (i>. 202 ). 
For tlie separation of t he atids i)i*odu(‘.ed from a mixtiue of pyridine 
leases, see Pinner^ B(‘r. 33, 1225. 

Th(^ lower acids can he obtained from pyridine})()]ycarb()xy]ic, acids 
by lieating with hydrocliloric*. acid; the carboxyl groups in the 2 - or 
6 -})osition are removed first. Heating with lime eliminates all the 
carlioxyl groups, leaving pyridiina 

Like. oMur pyridino d(M’ivatiAa‘.s, pyridinecarboxylio acids are reduced by 
sodium and alcohol to pifxa idinccarboxylic acids. 

S(‘veral pyridinecarboxylio acids, wlicn r<'duc.(‘d sodium amalgam in aque¬ 
ous alkaline solution, an‘ couvert<Hl to lactone acids of tbe aJiphatic series, the 
group —C'M“N C'H— = bthng transform(‘d to —CX)--() -(}M.>— {Weidcl, Ilofff 
Mo. 13, 57S; l^crbunttcr^ Mo. 13, 810; Stnolnchoicshi/, Mo. 15, 55). 

Si?K‘(? tlu^ pyjidines .‘ir<‘ ))as(\s, their earboxylic aeids behavt' like amino aeids. 
In the pob'caiboxylic acids the basic properti(‘s an* k'ss i)ronoun(M d. When 
pyridinecarboxylic a(hds a?’(^ waniK'd with alkyl iodides in soda solut ion, hctavnc.s 
arc formed {Meyer, Ihu', 36, GIG). 

As already mentioned on p. 203, the determination of tJie constitu¬ 
tion of pyridine derivati^ cs is ba,s(‘d on th(‘ ])yridin(^carb(jxyli(^ ticids, 
since the position of substit-iumts can usually be found by conversion 
to the carboxylic acids. An unequivocal proof of tlui constitution of 
the pyridinecaiiioxylic acids is therefore of major importanee. 

TJie Coristitidio}! of Pyridiihrmonnrarhn.vi/lir Arirh .— The con.stituiion of 2- 
pyridinecarboxwlic acid (picotiuic acid) and 3-pyridin('carboxylic acid (nicotinic; 
acid) is known through their preparation fi-om 2- and 3-pfien> Ipyridim; by oxida¬ 
tion; 2-j)iienylpyridiiU' and 3-piw‘nyIi)yridin(! are ulitained from benzol/cj- and 
benzoI/1 (quinoline, which oxidize to 2- and 3-phenylpyi’idinedi(;arbo.xylic acid, 
from which the plienylpyridines are formed by deeaj boxylation. This proof of 
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constitution doj^uicls on the proof of the constitution of the bonzoquinolines (p. 
247). Th(i d(;rivation of the constitution of picolinic acid is outlimid by the fol¬ 
lowing scheme: 

HC--CH HO2G CO2H 



Benzot/i]quinoline 2-Carboxyphenylp.vridine- 2-Phcnylpyri(iine 

carboxylic acid 


TTO2C 

N 

2-Pyridinecarhox>'Hc acid, 

Picolinic; acid 

A simpler proof ()f tlie constitution is giv(‘n by ilie behavior of pyridinedicar- 
boxylic acids. Quinolinic acid (pyridinedicarboxylic acid), produced by the 
oxidation of quinoline, has the carboxyl gr()uj)s in the 2,3-posilion, and cincho- 
mcronic acid, from isoquinoline, is the 3,4-dica.rboxylic acid. When quinolinic 
acid is heatt^, nicotinic acid is formcxl by elimination of one C02-group, but 
cinchoriK^ronic acid givixs both nicotinic and isoniirotinic acid. Therefore nico¬ 
tinic acid is 3-pyridinecarboxylic acid, and isonicotinic acid is 4-pyridinecarboxylic 
acid. 

(a) PyridinemonocarhoxyLic Addn. ~ 2-Pyridinecarboxylic acid, picolinic acid, 
Cf,H4N-2-COOH, m.p. 135 138'", sublimable, is prepared by oxidation of 2- 
picoline {Wihauty Rec. 45, 662) ; it is colored yidloW’-red by ferrous sulfatcb like 
all pyridinecarboxylic acids which contain a COOH -group in the 2-posit ion. 
Ethyl esterf b.p. 243° ; chloride^ m.p. 47° (Meyer, Graf, 61,2202) ; anhydride, 
m.p. 124°; amidey m.p. 107°; nilrile, m.p. 29°, b.p. 212-215° [Meyer, Mo. 23, 
437; Arch.Pharm. 240 (1902), 366J. 

NICOTINIC ACID, 3-pyridinecarboxylic acid, m.p. 229°, first obtained from 
the alkaloid nicotine (p. 336), is prepared from 3-picoline and other S-alkylpyai- 
dines, and from its nitrihj (p. 206). Its methyl iodide addition product forms a 

betaine, ScO-CshhN-CITa, which is identical witli the alkaloid trigonelline (p. 
331). Nicotinic acid ethyl ester, b.p. 218°; chloride, m.p. 16° (dec.) (Meyer, 
Graf, Ber. 61, 2202) ; amide, m.p, 125°; nitrile, m.]>. 49°, t).p. 240-245° [Carnps, 
Arch.Pharm., 240 (1902), 366; Meyer, Mo. 23, 897]; hydrazide, m.p. 159°; 
azide, m.p. 48° (Curlius, Mohr, Ber. 31, 2493), 

, 6-Chloronicotinic acid, G-chloropyridineS-carhoxylic acid, m.p. 199°, from 
hydroxyiiicotinic acid (p. 217), reacts with NH3, when heated, to give 6-amino- 
nicotinic acid, wliich yields 2-aininopyridine on heating and 5-nitro-6-amino- 
nicotinic acid, in.p. 280°, on nitration; by reduction of the latter, 5,6-diamino- 
nicotinic acid is formed. 2-Aminonicotinic acid, from quinolinamic acid with 
KOBr, gives 2-amin()pyridine when heated and a nitroaminonicotinic acid when 
nitrated (Marckivald, Ber. 27, 1317; Philips, Ann. 288, 253). With hydrazine 
6-chloronicotinic a(;id forms 6-hydrazinonicotinic acid, COOHlSlCsHsNiej- 
NHNH2, ni-p. 283°, which is converted by boiling with formic acid into s-tri- 
azolofa]pyridinecarboxylic acid, and by HNO2 into tetrazolo[a]pyridinecarboxy¬ 
lic acid: 



HC=CH—C—=N\ HC-=CH— 

I I >N and I I >N 

HOOC • C--CH—N—Cir HOOC • C=CH—N-N^ 

Wluin oxidized these acids yield triazole (p. 153) and tetrazole (p. 170) (March- 
wald, Riidzik, Ber. 36, 1111). 
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ISONICOTINIC ACID, 4-pyri(iinecarboxylic acid, m.p, ,'K)4°, from 4-mc1hyl- 
pyridine and from cincboriieronic arid (see below) V)y decarboxylalion (I'erndjgd, 
Mo. 21, 446). Chloride, ni.p. 16° {Meyer, Craf, Per. 61, 2202); ethyl ester, o.p. 
218°, whose ethyl iodide addition product, decomposes If) isouicotitiic acid ethyl- 
betaine, m.p. 241° (dec.); amide, rn.f). 156°; nitrile, m.p. 79° \ Camps, Arch. 
Pharm.240 (1902), 866]. 

HomoJoyous Pyridiriemonocarhoxyfic Aeids. 6 -Methylpicolinic acid, C'lbllaN- 
[ 2 , 6 ](CH 3 )COOn, m.p. 85°, from 2,6-lutidine (Latlenbury, Seholtze, Ber. 33, 
1081; Pinner, Leivin, Bca-. 33, 1230). 2-MethyUsonicotinic acid, sublimable, 
from 6-melhyl-2,4-pyridine(licarboxylic acid (p. 216) by df^carboxvlation. 4- 
Methylnicotinic acid, m.p. 210°, fnmi 4-methylquinolini(i acid (p. 216) by de¬ 
carboxylation. 2,4-I)imethylnicotinic acid, C 6 (CH 3 ) 2 n 2 N-COOII (4-2 HoO), is 
obtained in the form of its ester from acetoacetic e.ster with 2 mols of acu'taldehyde 
and Nils according to nu'thod S (p. 198). 2,6-Dimethyl-4-chloronicotmic acid, 
()5iICl(ClI:02Nf8jCOOll, m.p. 168-170°, from /?-arainocrotonic acid ester by 
heating with POCf-j, reacts with hydrazine and plumylhydrazine to giv{‘ hydrazine 
derivatives, which form })icyc]ic, pyrazolones by elimination of water {MicJiaeliy, 
Arend, Ber. 36, 515; Michaelis, Ann. 366, 324). 

2,6-Diphenylisonicotinic acid, m.j). 279°, from di])lu'uacylacetic acid with NHa 
(A7a55,Bull. [31 29, 407). 

{{)) Pyridinedicarhoxylic Acids. QUINOLINIC ACID, 2,8-pyridinedicarbox- 
ylic acid, CJl 3 N(COOH) 2 , m.p. 190° (dec.) is ])repared from quinoline and 
quinolines substituted in the biuizeiu^ uucleu.s by oxidation with potassium 
permanganate in alkaline (TIanizsch, B(*r. 19, 293) or, more advtintageously, in 
alkaline-earth solution (Gor. Pat. 414072, 1923, IVdl. XV, 1486). For the esteri¬ 
fication of quinolinic acid, see Kirpal, Mo. 29, 227. Quinolinic acid anhydride, 
m.p. 134 °; hnide, rn.j). 230° {Philips, Ann. 288, 257). The methyl iodide addi¬ 
tion product of tlio anhydride^ is (converted by treatment with Ag 20 and water 

to quinolinic acid mcthylbcdaine, ()CO(3| (CO 2 TI) | 21 ()idl 3 N(CTl 8 ); with ben¬ 
zene and AICI 3 the anhydride yi(‘lds 8 -])enzoy]pico]inic, acid, CftHsNISjCOCeHs- 
12 ]OOOH {Kirpal, Mo. 27, 371; Holla, Mo. 32, 747). In tlie same way the 
quinolineins, dyestuffs iinalogous to the phthah'ins, arc produced {Ghosh, J. 115, 
lit)]). 

CINCHOMERONIC ACID, 3,4-pyridinedicarhoxylic acid, m.p. 266° (dec.), 
from cinchoiune, cinchonidin(% and quinine {cf. Terndjgd, Mo. 21 , 446) with 
nitric acid, from isoquinoline (p. 251) wit h KMn 04 , etc. It is n^duced by sodium 
amalgam to cinchonic acid, ChllROe, which decom[)oscs when heated into CO 2 
and pyrocinchonic acid or dimethylmaleic acid anhydride {Ladenhurg, Bor. 18, 
2968), Cinchomeronic acid anhydride, rn.p. 67°, adds methyl alcohol to form 
the 4-m£thyl ester, C 5 H 3 N[ 3 |C 0 OHf 4 ]COOCH 3 , m.p. 173°, which, by con¬ 
version to the A~monoamide {cf, Gabriel, Caiman, Ber. 35, 2841) and subsequent 
treatment with KOBr, yields 4-aminonicotinic acid. The dimethyl ester, b.p. 
169-171 ° (28 mm.), can be partially saponified to the 3-mononiethyl ester, CsHnN- 
[ 4 ]C 00 H[ 3 ]C 00 CH 3 . The 4-monomethyl ester is converted by treatment with 
methyl iodide and silver oxide to the methyl ester of apophyllenic acid, 


6 C 0 [ 3 ]C 02 CH 3 [ 4 ]C 6 H 85 (CH 3 ) {cf. narcotine), while the 3-monomethyl ester 
gives the mef-hyl ester of the isomeric cinchomeronic acid methylbetaine 
{Kirval, Mo, 24, 519). With benzene and Aids the anhydride yields a mixture 
of 4-Denz()ylnieotinic acid and S-bcmzoylisonicotinic acid {Kirpal, Mo. 30, 355). 

Several 2 , 6 -dialkjdcinchomeronic acid esters are readily synthesized from /3- 
aminocrotonic acid ester, acetoiieoxalic ester and similar compounds {Mumm, 
Hiineke, Ber. 50, 1568; Mumm, Bohme, Ber. 54, 726; see method example ( 6 ), 
p. 198). 

Cinchomeronimide, m.p. 230°, is converted by bromine lye into S-aminoiso- 
nicotinic acid, which, like anthranilic acid, tends to form heterocyclic ortho¬ 


condensation products {Gabriel, Colman, B<jr. 35, 2836). It is reduced by Sn and 

/CO. 

hydrochloric acid to cinchomeronimidine, ^NH, m.p. 199- 


200°, N-(Carboethoxymethyl)-cinchomeronimide, CsHaN (CO) 2 NCH 2 COOR, 
from the potassium derivative of cinchomeronimide and chloroacetic ester, reacts 
with sodium ethylate similarly to the analogous phthalimide derivative, forming 
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ii (li^rivafiv(; of nopyrine ((‘onlaininji: two pyridiiu' niioli'i), dihydroxycopyrine- 
yCOMl 

carboxylic acid ester, NCJI/ | ; the iatle?' vicl(is,ond('oarboxvla- 

\X) 

lion, dihydfoxycopyifno and, on lu-atinf.:; willi }ivdrio(li<* aoi«l and pho,s[)liorus, 4- 
(.‘1 l)yIni(‘otini(‘ arid ((rohncf, (U.lnum, I^<*r. 35, IdoS, 2(S,‘jl ; l:5(‘r. 37, 2129). 

2, l-Pyridinedicarboxylic acid, lutidinic acid, C'^FTaN ((X>()H )2 + 2 rr^O, rn.p. 
235" ( LiufcttUunj, Ann. 247, 37). 2,r)-Pyridmedicarboxylic acid, isocincfiomcrornc 
arid, cryslalli/i's vvilii 1 U) IV^HvO, 230" (H'V/.s.s', Her. 19, 1311). 2,6- 

Pyridinedicarboxylic acid, dipicoUnic acid, rn.p. 225" {Ladrnhurg, Ann. 247, 33). 

3.5- Pyridinediairboxylic acid, dinicotinic acid, rn.p. 314" {Havizi^ch, 

B(T. 19, 2S6). 

Honadogous Pi/ridifU‘flir.arho.ryhc Acuh. 4-Methylquinolinic acid, Irpidhiic 
acid, C^ICdlrdllsN ((’OOll )l>, ni.f). ISO", from 4-nu'tliylqninolino (lopidine) or, 
better, from /> 2 -hydroxy-2-Gjdoroloj)idine by oxidation vviih KMnO^; in th(‘ 
lid lor eas-', 2-chIoroK'pidnuo ;n id is lorined first,, and tins is rcducc^d with HI and 
I)hos]>l)oj-us to li'pidiriie aeid (I>< sfhor/i, Byranck, Her. 31, 790). 

Uvitonic acid, 0 nieiliyllutidinic acid, i)-methyl-2,4-pyridinedicarboxylic acid, 
C).d(-df;i)H_-Nf( 4 )()11 j.j, ni.p. 244", is formed lyy the action of alcoholic Nll.j on 
jiyruvic acid. 

Lutidinedicarboxylic acid, 2,i)-dlni<fJiyl-^,i)~pyn<lia('dic<irhoxylLc acid, CrJT- 
((.'TT 3 ) 2 N (C()(.)H) 2 , in.p. 310", from meth(*nyl-/>/.s‘-acetoacetic (\stcr with ammonia 
diri'ctly or by oxidation of thi'' dihydro dia-ivative first form(‘d with NvOs (Wchtr, 
Arm. 241, 31 ; K>ia(vrnacy I, Ann. 281, 94). For the hvdrazide and azide, see 
3/n/cr, Bmn 33, 1 ) 14. 

Trimethylquinolinic acid, (5,(Cn.d:iN[2,3] ((XX)TT) 2 , rn.p. 195" (dee.), is 
for*nu‘d hy tlu* oxidation of 2,3,4-trim(d,hyl-5-oxo-5,7-dihydr’()furol3,4-?>]pyndine 
(triinelliyhininoiidi'), rn.|). 152", which is oirtained from the condensation product 
of ttdrunic a,cid ({). 22) with nu'sityl oxkh*: 

CIH()-N(()H) Cbtdlov .. H,o OlhCb-N--—C-CIHv 

II II >0 —.^ II I >0 

),■(;•('() / ('nsC'-C((::ji3):C-C0 / 

‘2,'i,4- TriTrict h.vl-<'>-a.\o-“»,7-(Jiliydi ofur(>13/l-^) pyridiuc 

Th(‘ trimethylquinolinic acid (mu 1)(‘ oxidized furthi'r to dimethylpyridine-2,3,5- 
tricarboxylic acid and 4-niethylpyridineletracarboxylic acid, v, hich yield various 
lower carboxylic aiails on dfa-arhoxylation {Woljf, Ann. 322, 351). 

2,4,0-Trimethylnyridine-3,5-dicarboxylic acid, collidhirdlcarhoxylic acid, is 
obtained in tlie form of its ester from th{‘ symlhetic dihyalrocollidincdiiairbaxylic 
acid ester (p. 198) by oxidation with N20a and servi's as starting matiu’iai for a 
seri(xs of higlu'r and lower in’i idiiKMairboxylie acids. 

(c) Pyndi fair icarbn.ry lie aridH. 2,3,4-P3i^ridinetricarboxylic acid, carho- 
clmchafttrronic acid, ((^()C)H )3 -f" 1 H 2 O, 1 x 1 .p. 250° (238": Eckert, Loria, 

Mo. 38, 243), is formed from (julniiuy cincdionliK^, and various conversion ])rod- 
ucts of thi'se alkaloids, and also from l-inethyhiuinolinie acid (see abov(') by 
oxidation with KMn() 4 . hor the esterification of this acid, see Rint, Mo. 18 , 
223; Kirpal, Mo. 26, 53. 2,4,0-Pyridinetricarboxylic acid, rn.p. 227" (dec.), 
from N-collidine or 0-m(4hylhitidinic xicid (s('e above) {Voigt, Ann. 228 , 29). 

2.4.5- Pyridinetricarboxylic acid, bcrlrroo'c acid (-f2Pl20), rn.p. 243°, from the 
alkalujxl berlx'rine with nitric acid (Mayer, Mo. 13, 344). 2,3,0-Pyridinetri- 
carboxylic acid (-f 2 II 2 O), dec. 130" (IFcks.^j, Ik'.r. 19, 1309; Eckert, Loria, Mo. 
38, 243). 

(d.) Pyrldinetetrararhoxylic Acids. 2,3,4,0-Pyridinetetracarboxylic acid, -j- 3 
IHO, ni.p. 235" (anhyd.), is jinqiamd from 2,4,0~<rim(44iylnicotiiiic acid or from 
2,0-dinu4hylcin'4iomeronic acid (p. 215) by oxidation with KMn ()4 {^^ichael, 
Ann. 225, 122; Miirnm, IJuncke, Her. 51, 100). For the 2,3,r),G-tetraearboxylic 
acid a,nd othm-s, see Hantzsrh, IFcrx's, hoi\ 19, 284; IFcfsx*, Ber. 19, 1309. 

(e) Pyridinepentacarbo^lic acid, C6N(COOH)6 F 2 H 2 O, dec. 220°, is 
formed by oxidation of collidinedicarboxylic acid. 

13. HYDROXYPYRIDINECARBOXYLIC ACIDS. The state¬ 
ments made concerning the constitution of the hydroxypyridines 
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or pyridones on p. 208 hold also for the hydroxypyridineoarboxylic 
acids. The latter arc readily obtained from the corresponding py- 
ronecarboxylic acids (p. 179) with ammonia, as well as by various 
other ring-synthetic methods. They are also formed by the action 
of CO 2 (at 180“-200^ and 20 atm.) on the sodium salts of hydroxypyri- 
dines {TschiiscJiibabin, KirssanoWy Ber. 57, 1161); c/. the Kolbe- 

Schmitt salicylic acid synthesis. When heated they generally de¬ 
compose into ('O 2 and {)yridoncs. 

(rt) Mon,oh.ij(h'ox}j'pyrldincc.a^^^^^ Acids. —0-Hydroxypyridine-3-carboxylic 

acid, C)Ai!jdro.ryfiicoliiitc acid, (.- 5 H 40 N(C 00 H), m.p. .303°, is prei)fired from 1,2- 
pyrone-S-carhoxylic acid ester ({). 17S) witli ammonia, from hydroxycjuiiioliiiic 
acid (sec below) by d(^carboxylationa.nd from t be sodium salt of 2 -pyridoi by treat- 
na'iit with C ()2 ( Tsrluisrhihahin, KirssanotVy Jb^r. 57, U6l). 2-Hydroxypyridine- 
3-carbo^lic acid, 2-hydroj'yniroliftir aaV/, m.p. 255° (dec.), from 2-amiiu)nico- 
linic acid (p. 214) and by various other iiK'fhods {/*h'ilips, Ann. 288, 205; 
Wndd, (ivorglvincsj Mo. 9, 145). 4-Hydroxypyridine-3-carboxylic acid, 4- 

hydroxytdcothuc. acid, irop. 250° (dec.), from 4-aminonico(luic acid {Kirpal, 
Mo. 23, 240). 4-Hydroxypyridine-2-carboxylic acid, 4-hydroxypiroiiiiic acid 
(4- H 2 O), m.p. 250°, from 1,4-pyron<‘-2-carboxylic acid (p. 170) with NH 3 . 
0-Hydroxypyridine-2,3-dicarboxylic acid, G-hydroxyquuioliNU' acid, C&H 3 ON- 
((X) 0 H) 2 , d(^o. 254°, is obtain(;d from (|uin(>linic acid by fusion with KOH or 
from its methyl ether, methoxyciuinoliiiic acid, m.p. 140°, wbicb is formed by the 
oxidation f)f aminocarbostyrii iiKObyl etluu’ with KMn() 4 . 6 -Hydroxylepidinic 
acid, OThDN(Clio)(COOlDo, from diiiydroxylepidine (Bcsihorti, Hyvauck, Ber. 
31, 802). 4-Hydroxypyridine- 2 ,()-dicarboxylic acid, hydroxydipicolinic acid 

aiamonchclidoriic acid, ch-didamic acid, from chelidonic acid (p. 170) with NH 3 . 

2,4-Dimethyl-O-hydroxypyridine-3-carboxylic acid, pscudolidddostyrilcarhoxyHc 
acid, Cr)(C]l3)2H20N((X,)()TI), is produc(‘d ))y heating i3-ainiiiO(;rotonic acid 
<'.ster hydiochloridi' to 130"' {daUic, J. 59, 172). When /3-aiiilinocrotonic a(*id 
('ster is la'ait d, W-phenyllutidonecarboxylic acid, 2,0-dimethyl-i-phenyl-1- 0 x 0 - 
1 ,l-dihydropyridine-3-carboxyIic acid, ()r,H(C'H 3 ) 2 ((VJIJ1>N((X)()IT), and 2- 
jnet]iyl-4-(punolinol (p. 239) an^ fornual. 2,r)-Lutidone-3,5-dicarboxylic acid, 
2,0-dimethyl-l-hydroxyp7ridine-3,5-dicarboxyiic acid, m.p. 207°, is prepan d 
from (iimethylpyroncdicarboxylic acid ester (p. 150) with NH 3 ; with PC3}, it 
gives l-chlorohitidinedicarhoxylic acid, m.p. 224°, which rcjicts with NII3 at 130° 
to 1'oi‘m <l-aminolutidinedicarboxylic acid (Marrhtrald, Ibax 27, 1323). 

(//) I)i}u/dj-axypyndincnirh(}xylic Acids. t,5-Dihydroxypicolinic acid, comen- 
ainic acid, is prc})ar(‘d by heating 5-hydroxypyron(!-2-ca)boxylio acid (]). ISO) 
will) Nll.t. 2,1 -Dihydroxy-0-inelhyIiiicotinic acid, (JJi.i((31;t)()2N((X)()H), is 
obl.ained in the form of its est.m* by condensation of equimolar jiroportions of 
inalonie estc.'r and jtt-timinocrotoni<^ a(dd (;s 1 er in the presence of sodium ethylate. 
2,0-Dihydroxynicotinic acid, m.p. 198°, from isaconitic acid ester, (CX)OR) 2 CII-- 
(Ui:CH(/OOR, with Nfb, is coiivculed by PC35 int,o dichloronicotinic acid, m.p. 
144° {Guthzeit, Laska, d.pr. 58, 433). 2,0-Dihydroxydinicotinic acid, C 5 II 8 O 2 N- 
(OOOH)^, has been obtained in the form of its ester and ether from dicyanogluta- 
conic acid esb'r, COOR(7(C'N):CJl •(III(CN)OOOH, and from 6 -(' 1 h()xy-l, 2 - 
p.yrone- 3 , 5 -dicari)oxylic acid ester with ammonia; it giv(J 8 dichlorodinicotinic 
acid ester, m.p. 7 t)° {Errcra, Ber. 31, 1241 ; Guizcil, Ib'r. 32, 779; liahemann, 
Browning, J. 73, 280; Claiscn., Ann. 297, 87). 2,()-Dihydroxyisonicotinic acid, 
citrazinic acid, by warming cltrarnide, CX)NH 2 C(C 9 H)((lll 2 CON]l 2 ) 2 , with 
112804 . 2,0-Dichloroisonicolinie acid reacts with aniline to give 2 , 0 -dianilino- 
isonicotinic aeid and with 1x811 to giv(‘ 2,0-diinerea])toisonicotinic acid, C 6 H 2 N- 
( 811 ) 2 (^ 0011 , rn.p. 230° {Bilinrr, Her. 35 , 2933). With (diloroforni and alkali 
citni/inic afid bums a formyldihydroxypyridinecarboxylic acid (Bd(, d. 69, 1447). 

2-Methyl-5,6-dihydroxyisonicotinic acid, from chloroax'etoms oxaloacei.ie (^ster, 
and NH3. 

14. Only a few FATTY ACIDS SUBSTITUTED BY PYRIDYL GROUPS 
are known. 2,3,5-Trichloro-4-pyridineacelic acid, (CfiOlallNOC^HoCXdOH, m.p. 
145°, pro<luced by the cond(ai.sation of tetracliloropyridine and sodium malonic 
esb;r to trichloropyridinemalonic tister and decarboxylation of the latter, is con¬ 
verted by heat to methyltrichloropyridine (Sell, Dootsen, J. 83, 396). Because 
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of their relation to the alkaloids, st'veral pyridineiactic acids have been investi* 
gated; a-picolinelactic acid, C 5 (CIl 3 )H 3 N 0 ( 011 )(CIl 3 )COOH, is obtained 
from its nitrile, the cyanliydrin of 5 -acetyl- 2 -picoliri(‘ (p. 212) (Knudserif Ber. 28, 
1765). / 1 - 2 -Pyridinelactic acid, C 5 II 4 N (^HaCl^OH) COOH, in.p. 125°, is 
prepar(‘d from its orthochloride, <a;-trichloromethyl- 2 -i)yridine 6 thariol, CslBN •- 
CH 2 CH(OH)CCl 3 , (p. 212), with soda. When the latter compound is treated 
with alcoholic KOH, 2 -pyridmeacrylic acid, C^IBN-(Jll iCHCOOH, is formed. 
This acid is converted by reduction to pyridinepropionic acid, m.p. 141 °, by bro¬ 
mine to pyridinedibromopropionic acid, and by hydrogiMi bromidi' to jS-bromo- 2 - 
pyridirH'propionic acid, ('.-.IBN-(dlBr-CdBCXH)!! \I'Jinhorii, Ann. 265, 221; 
Feist, Arcli.Pharm. 240 (1902), 17«S|. a-Methylene-2-picolineacetic acid, 

Cfi(CH 3 )H 3 N •C( :('Il 2 )(X)()H, is pn^pared from j)if;olinebi‘omopropionic acid, 
the product of the reac^tion of PBr^ on a-picolinelactic, acid. 2 -, 3 -and 4-PyridyI- 

formylacetic esters, (CAdl 4 N)COCIl 2 C 02 (/ 2 llf), are formed from the pyridine- 
carboxylic acid esters with acetic ester and sodium ethylate; they give the 
characteristic reactions of /J-oxocarboxylic acid esters {Pinner, i3(;r. 34, 4234). 


Hydropyridine Derivatives 


Hydropyridiiies are prepared by roduetion of pyridines with zinc 
and hydrochloric acid or, more advantageously, with sodium and 
boiling alcohol, also by electrolytic [Marie, Lejeune, J.chim.phys. 
22 (1925), 59] and catalytic reduction {Zelinsky, Borisoff, Ber. 57, 
150; Haynilton, Adams, Am. 50, 2200). The products are almost 
always the completely hydrogenated derivatives, piperidines. 


(a) DIHYDROPYRIDINES are synthesized from | 3 -diox<) compounds with 
aldehydes and NII3 (p. 198); cj. dibydrocollidinedicarlioxylie, acid ester, dihydro- 
lutidiuedicarboxylie acid ester (from formaldehyde, ae(‘toacetic ester, and NH 3 ), 
dihydrodiacetyllutidine (p. 213), and many others. l,4-Dihydro-3,5-diacetyl-s- 
/C(COCll 3 ):C(CIl 3 )\ 

collidine, CH 3 CIT<(^ /Nil, m.p. 152°, is obtained from ethyli- 

\C(COCH8):C(CH3)/ 

deneacetylacetone with aminoacetylactoiic. The partial hydrogenation of pyri¬ 
dine derivativi'S to ilihydropyridines can be accomplished (‘asily only with car¬ 
boxylic acid esters (with aluminum amalgam in undri(‘d (}ther). Tiu^ dihydro 
produids thus formed an* sometiiiK^s idiaitical to, som(4imes isomeri<^ witli those 
prepared by ring-synthesis (il/ uvim, Beth, B(*r. 54, 1592). These n^ductions also 
yield 1,4,1 ',4'-tetrahydro-1,4'-bipyridines, such as; 


CTTa COOChTTe 


CX)2C2H3 CTT 3 




IIN 


\1I 

C~ 


H 

-C 


, C- 


I 

-----a 


% 


NIT 


CH3 (^IOOCzHb 




CO2C2H6 CH, 


These coniiiounds are derivi'd from two moh'culcs of the i^yridine derivative by 
addition of two hydrogen atoms {AJunan, Beth, Ber. 54, 1595) . 1,1'-Dialkyl- 

1,1',4,4'-tetrahydro-4,4'-bipyridines are produced by reduction of N-alkyl- 
pyridinium methyl sulfates with sodium amalgam in a CO 2 -atmosphere {Mujnm, 
Rodev, Ludwig, Ber. 57, 865; Mmmn, Ludwig, Ber. 59, 1605). 

These dihyilro derivat ives are usually readily oxidized to pyridines with N 2 O 3 
or dilute nitric acad. The* dihydrojutidiriedicarboxylic acid ester is transformed 
by treatiiK'iit with hydrochloric acid to lutidinedicarboxylic acid (\ster and hexa- 
hydrolutidinedicarboxyhc, acid ester (Knocvenagel, Fuchs, Ber. 35, 1788). When 
boiled with alkali the dihydropyridines decompose with evolution of ammonia; 
the hssion products parbally condt'iise to carbocyclie rings. With concentrated 
alkali dihydrocollidinediearboxylic acid ester is c’onverted first to the monocar- 
hoxylic acid ester and then to dihydrocoilidine {Knoevenagel, Huschhaupt, Ber. 31, 
1025; Cohnheim, Ber. 31, 1033). 
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(b) TETRAHYDROPYRIDINES, PIPERIDEINES, ari^ forimd, logetiuT 
with much larger yiekis of piix'ridincs, by t)ie rodurtioti of pyridines with sodium 
and ak’uliol. Th(3y (^an be isolated by lueans of their dibromides, from which they 
are regenerated by treatment witli zinc dust and sulfuric acid. The bases so ob¬ 
tained are l,2,r),6-tetrahyd)(>pyridines. The\^ can be reduc(3d to piperidines only 
with strong agents sucii as til and phosphorus. Wit h a('id chlorides and aqimous 
sodium hydroxide they form N-acyl derivatives (Kovrdgs, Brrnharty Ber. 38, 
3042,3928; Aoc//tg.s‘, Ber. 40, 3199). On the other hand, the 1,2,3,4-^c^m/l^/dro- 
p;//nd'mcs, syntliesizod from the unstable 5-amino ketones or from 6-bromo ketones 
with ammonia or primary amines {Lipp, Ann. 289, 173; 294, 135; cf. Laden- 
burg, Ann. 304, 54; Sachs, Ber. 32, 61): 

CH2-CH2Br Nil, CH 2 CH 2 NH 

i'Hj-CHi-COCH, ^ (!;H2-0H--C-CH, 

are reduced to the corresponding piperidines even by tin and hydrochloric acid 
and are very easily decomposed, e.g., by treatment with benzoyl chloride and 
aqueous NaOH, to derivatives of 5-amino ketones. N-Alkylated and N-arylated 
J ,2,3,4-tetrahydropyridines decompose so n^adily that some', such as 1-phenyl- 
1,2,3,4-tetrahydropicoline, are stabk*. only as salts. The 1,2,5,6-tetrahydro- 
aTid l,2,3,4-tetrahydropyridin(\s resemble the 1,4- and 2,3-dihydropyrroles (p. 
47) in the divergence of their 1x4lavior. 

3-Ethyl-l,2,5,6-tetrahydropyridine, b.p. 158°. 3-Ethyl-4-methyl-l,2,5,6- 
tetrahydropyridine, b.p. 177°, and 2-methyl-5-ethyl-l,2,5, 6 -tetrahydropyridine, 
from the corresponding pyridinos with Na and alcohol. 

1 ,2,3,4-Tetrahydropicoiine, A^-pipecolHnc, b.p. 132°, is reduced by tin and 
hydrochloric acid to pipecoline; it is decomposed by benzoyl chloride and aqueous 
NaOH to N-benzoyi-5-acetylbutylamin(! and by nitrous acid tf) 7 -acetylbutanol 
{lApp, Ann. 289, 173; (rdbriel, Ber. 42, 1242). 2-Phenyl-l ,2,3,4-tetrahydro- 
pyridine, m.p. about 18°, b.p. 276°, from 6-aminovalerophonone (Vol. Ill, p. 
406) {Uabricl, Ber. 41, 2010). 2,3-Dimetliyl-l,2,3,4-tetrahydropyridine, b.p. 
155°. 1 -Methyl- 1 , 2, 3,4-tetrahydropicoline, b.p. 146°, is converb^d by benzoyl 

chloride diid acpieous sodium hydroxide to the N-lxmzoyl derivative, and by hy¬ 
droxy lamine and semicarbazid(3 t.o the oxime and sciinicarbazone of N-methyi-6- 
ac( 3 tyl butyl amine. This tendency of the 1,2,3,4-tetrahydropyridine ring to open 
explains the conversion of the 1-methyltotrahydropicoline to l-methyl-3-acetyl- 
piperidine with formaldehyde (Lipp, Widnniann, Ber. 38, 2471): 

Cllr—CHa ~~CH CHa • CII 2 • CHa • COCH, 

1 Ij -. I -> 

CTT 2 • N (CHa) • 0 • CITa CH 2 • Nil CHa 

CII 2 --CH 2 —CTT. COCll, Clh-ClU —OH • COCH, 

1 J -> I J 

CH 2 • NHCITa CII 2 OH cih • N(cnia) • CH 2 

2-/i-Propyl-l,2,3,4-tetrahydropyridine is known as 7 -coniceine. For tetra- 
hydropyridine from piperidine oxide (p. 221), see Woljjcnsiein, Ber. 25, 2782. 
An isomeric tetrahydropyridine is prepared by fusion of piperidinesulfonic acid 
with KOH {Paal, Hubaleck, Ber. 34, 2761). For a tetrahydropyridine from N- 
methylheptenylamine, see Wallach, Ber. 38, 2803. 

The N-alkyl derivatives of pyridones (p. 209) and pyridinediols or glutacon- 
imides are 0 x 0 derivatives of di- an(I tetrahydropyridines . They have bi'en described 
in the section on pyridols (p. 209). 

1.2.5.6- Tetrahyaropyridine-3-carboxaIdehydes result, from the hydrolysis of 
iminodipropionac(3tal and its N-alkyl derivatives by intramolecular condensation 
of the iminodipropionaldehydes first formed {Wohl, Ber. 38, 4154; 40, 4679): 

NH • CH 2 ■ CH 2 • CHO NH' CH 2 • C • CHO 

(*)HrCH2-CHO ^ CHj-CHj-IlH 

1.2.5.6- Tetrahydropyridine-3-carboxaldehyde exists only in the polymciized, 
amorphous form; hydrochloride, m.p. 145° (dec.); N-benzoyl derivative, m.p. 
91°. Its oxime, m.p. 145°, loses water when treated with SOCl? to give the 3- 
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nitrile, b.p. 4 <S‘^ (0.2 mm.), from whicli ciiicholoiponic acid (p. 224) is obtained 
by tbe addition of sodium malonic ester and 8 ubs(H|uent saponification. 1 -Methyl- 
r, 2 ,r),()-tetrahydropyridine-;i-carboxaldehyde, I).]). 4(i-4d‘^ (0.17 mm.), wilh an 
amine-like odor. I -Methyl- 1 ,2,5,('»-tetrahydropyridine~‘j-carbonitrile, obtained 
through the oxime, ^delds tiir alkaloid arccanltnc (p. Mdl) on saponification. 
1 -Ethyl- 1 ,2,r>,0--tetfahydropyridine-^j-carboxaldehyde, b.p. 50'^’ (0.00 rnin.). 

(6) HEXAHYDROPYRIDINES, PIPERIDINES. Hexahydro- 

.CH 2 --CH 2 . 

pyridine, piperidine, pcrUcitncihylcnimme, Clh^ /NH, 

ycih-cih'^ 

b.p. 106.2° {Vorldnderj Ann. 345, 277), is a liquid of characteristic 
o(lor. It is soluble in water and alt'ohol. It octuirs bound to piperic 
acid as piperint^ in jiepper; it is freed by heating piperine with alcoholic 
potash. It is synthesized: (1) by Iniating iientainethyh^nedianiine 
hydrochloride (cadaverine); (2) by heating e-chloro- and €-bromo- 

aniylarnine, as mentioned previously; and (5’) by reduction of pyridine 
with Na and alcohol or nickel and Ho (French Pat. 621434, 1926), or 
by catalytic reduction of ])yridinium chlorides with ])lat.imim oxide and 
H 2 in absolute ethyl alcohol solution {Ilainillon, Adams, Am. 50, 
2260). 

Pi})eridine is dehydrogenated to j) 3 nidino by heating with sulfuric 
acid at 300° or, better, with nitrobenzene at 260°, by boiling with 
silver oxide, silver acetate in glacial acetic acid, or by j)assing its 
vapor over MnO at 600° (Sabadcr, Oernandez, C.r. 185, 241). 

Since the discoveiy of tlanr })roperty' of accelerating vuhaxnization 
[Ger. Pat. 265221, 1912; ^>ncc, J.Soc.Cdiein.lnd. 36 (1917), 118], 
j)iperidinc and many of its derivative's ha\'e ])e(‘n us(‘d in the rubber 
industry (U. S. Pats. 1463794, 1923; 1650975, 1927; Ger. Pat. 

423101, 1920). 


Decomposition of Piperidine.— Tim piperidine ring is ruplurt'd in the following 
reactions: 

1 . When pij)eridine is healed with hydriodic acid at 300®, it decomposes into 
?i-pentane and ammonia. 

2. The unsubstituted jhpc'ridine is resistant to oxidizing agents, but does not 
possess unlimited stability. Karrer (Helv. 9, 880) obtained ^-omlnopropionic 
acid from pip(^ridine by long boiling with CrOs; 'Y-aminobali/rlc acid had Ixxai 
produced earlicu’ with IINOa. For the oxidation of benzoylpiperidine to S-amino- 
valeric acid with KMnO^, s(‘e below. PipcTidine itself is attacked by permanganate 
even in the cold, with lively evolufion of ammonia {DcUphine, C.r. 184, 2(J6). 
For the products of oxidation with KMn 04 in acetone, see Goldschmidt, Voeth, 
Ann. 435, 265. 

When benzoylpip(^ridine (I) is oxidized with potassium permanganate, 5 - 
benzoylamino-n-valeric acid (IT) is formed; with KOH this yields 5 -amino-n- 
valeric acid (III) or hoinopiperidinic acid {Schotten, Bor. 17, 2544). 1 -Piperi- 
dinecarboxylic acid ethyl ester, piperidylurethan, on the other hand, is oxidized 
by nitric acid to carboxyethylaminobutyric acid, which gives 7 -aminobutyric acid 
or piperidinic acid with KOH. 


/CHa-CHav 

CH 2 < >N-(X)CcH 6 

^CIKCIL/ 


(1) 



CH2(TbNnCOC«H» 
0112-CO JI 




(II) 



CHsCHsNHs 

CH,-COjH 

(III) 
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S. Whori honzoylpiporidiiio is hoat(*4 with PCIr, the dichlorobenzy I piperidine 
(I) first form(Hl opens to N-<-ehloroainylbenzimide chloride (11), which de- 
cornpos(vs furtlier on distillation into l,5-dichloropentati(^ (III) and benzonitrile 
{v, Braun, H(T. 37, 2915, 3210; v. liraan, Sohrcki, P(t. 44, 1039); 


yCllrCU,. 

CTI< >N-C(’b(Vl6 

(I) 


•> 


CIU 


AmrClhN:CC\{\lh 


(II) 

/Cn.-CHsCi 

CH.< +NC*C.H» 

^CITaCITsCl 

(III) 


N-Alkyl- and N-arvlpipcTidincs are split by cyanou;en bromide to N-alkyl- 
N-cyano-e-bromoamylamines {v. Braun, Her. 40, 3914): 



CH 2 —CH 

CH 2 —CIl 



BrCN 



CH2-(;if2Br 
Cir2~~CH2—N(R)C!N 


Th(i eas(^ of decom[)osi(,iou (U'pcaids on th(‘ alkyl group attadied to tlu^ nitrogen 
(v. Brawn, Her. 42, 2035). 

Witli methyl iodidcj piperidine forms dimi'thyl pifxTidiniiim icxlide (I), which 
is converted to the hydroxide (II) by moist silver oxide; the hydroxide decom- 
pos(\s on distillation into N,N-dimethyl-4-p(‘ntenylamine (III) (the so-called 
dc.s'-5ase) and water. The N,N-dim(‘thyl-4-p(Mit(aiyla.mine (‘an be converted into 
4-pentenyltrirm‘.thylammonium hydroxide (IV), which decomposes when dis¬ 
tilled togiv(‘ pip('rylen(‘ or l,3-p(‘ntadiene {Thuir, Ann. 319, 226) (V), trimethyl- 
aniine, and walta* {Hojma.im, Ladrnhurg, Her. 16, 2058; v. Braun, Her. 42, 


2532; «/. th(Mk: 

tcomj)osit jon ' 

of (he pyrrolidines, 

p. 48): 


(T) 

(IT) 

(HI) 

(IV) 

(V) 

(;h3c:HsI 

CdI.,(dl,()H 

(dlATH 

CHsC/HsCTIj, 

IRO 

\ 1 / 

'N- 1 /' 

■'..1 

\ I / 


N 

N 

N 

N~()H 

N(CH3)3 
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(;n, C 112 

CIT^ CTT 2 

(TT. Clh 

CTI 2 CH 2 

CTH (TI, 

1 1 —* 

► 1 1 

-> 1 II - 

—> 1 II - > 

II 1 

CHj crio 

CHo CHo 

CH 2 OH 

C 1 I 2 cn 
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Piprridijie Dcrmttivcs.-- AiA an iniin(‘ base, pijM'ridiiu; is cat>ablt‘ of forming a 
nitroso compound, N-alkyl, and N-a(wl derivatives. For tlu* physiological action 
of piperidine derivatives, see Wol^ffcnstcLn, Widffcnstcin, Her. 34, 2408. 

Nitrosopiperidine, CsHioN NO, b.p. 218°, from piperidine with nitrous acid, 
can be reducixi to N-aminopiperidine, CJIioN• NH 2 , b.p. 146°, which yields di- 
piperidyl telTazoiKi, (CJIioN) 2 N 2 , m.]). 45°, when oxidized [rf. Angdi, Caddlana, 
Atti accad.Lincei 14 (1905), I, 272]. For tluMdiadrolyi ic d(‘eomposition of nitroso 
piperidine and its hoinologues, .s<‘(^ Ahrrus, Hia*. 31, 2272; IF 5/cm, Her. 31, 2276. 

1 -Methylpiperidine, C-JIioNTdls, b.]). 107°; 1-ethyl-, 1-propyl-, and 1-iso- 
amylpiperidine, b.p, 128°, 149°, and 187°; i-benzylpiperidine, b.p. 245° (Auer^ 
hack, WoljfrndciN, Her. 32, 2507); 1-allylpiperidine, b.]). 152°. l-Phenylpiperi- 
dine, b.p. 258°, from 1,5-dibromopentane and aniline, is also obtained, rather 
surprisingly, when piperidine is heated with bromo- or iodobenzene {Lellrnann, 
G(dicr, Her. 21, 1921; Lrlhnann, Huttner, Her. 23, 1388). l-«-and /3-Naphthyl- 
piperidine, b.p. 215° (35 mm.) and m.p. 58°, from the naphthols with piperidine 
{Roth, Her. 29, 1175). 

Hydnjg(m p<‘roxid(^ oxidizes ])iperidine to piperidine oxide, Cr,HioNH:0 or 
CftllioN -Oil, m.p. 39°, b.p. 110° (55 mm.). With phenylisocyanatc this gives 
an 0-phenylcarbamyl derivativ(% CsMioN-OCONHCcHf,, but with alkylating 
agents it yields N-alkylpiperidine oxides, wliich can also be obtained directly by 
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oxidation of N-alkylpipe.ridines with H 2 O 2 and which correspond to the dialkyl- 
aniline oxides (Vol. Ill, p. 83). N-Methylpiperidine opde, C6HioN(CH8) :0; 
N-propylpiperidine oxide, m.p. 105°; N-benzylpiperidine oxide, in.p. 148°. 
Wfien heated with acids tiny quickly los (3 oxygen, regericratirig the piperidines. 
Wlien heated alone tlie N-alkyl|)iperidiru 3 oxides decompose into piperidine oxide 
and olefines (//aa.s(;, Wolffeydein, Ber. 37, 3228). 

The isomeric bicyclic ammonium salts are formed when derivatives such asl- 
/3-chloroethyl- and. 1 - 7 -bromopropylpiperidine are heated (SchoUzy Friemehlty 
Ber. 32, 850; Pcchinann, //an/wc, Ber. 34, 357; (tahricl, Colviatiy Ber. 39, 2875; 
40, 424; v. Brafin, Iter. 39, 4347; Alhcrty IhT. 42, 545): 


Oil 


< 


CH.-CU,. /CH 
I 

CHo-CIl/ I 

Cl 


2 

2 



CIC-CII. 

(T12-CTT2 



Br 


CH 2 


Similar compounds, which are sigijificant in the alcrcockcmistrif of rnlrogviiy have 
been obtained from .s-dipiperidylethane, CfiHioN-CHsClB-NCrJIin, m.p. 4°, 
b.p. 203°, by reaction with alkylene dibromidcvs {Aschauy Ber. 32, 988; ScholtZy 
Ber. 35, 3047; Loffler, Ber. 37, 161): 

/CIl (Ci-h ). CH 2 . /CH 2 • nh • CAliK 


C6HioN<( >NC.H,« C^IIioNY ^NC^IBo 

I ^CHi -CTV I I - CHo/ I 

Br Br Br Br 


The product from dipipcridylethane and 1,3-dibromopropaMe and that from 1,3- 
dipiperidylpropane and .s-dibronioethane are inactive stertKiisonna’s (r/. Scholiz, 
Ber. 44, 480): 

N-Piperidineacetaldehyde, CJlioN•CH 2 CTIO, rn.j). 103° {Slorrmer, Ber. 31, 
2541). N-Piperidineacetone, CJlioN.On 2 (X)(dI .3 [von Arky Arch.Bliarm. 238 
(1900), 330). For N-piperidineacetic acid and homologues, see Bischoff, Ber. 
31,2839; Ber. 32, 722. 

N-Acetylpiperidine, (XHioNCOCHs, b.p. 226°. N-Benzoylpiperidine, C 5 IT 10 - 
NCOCelh, m.p. 48°, prepared by heating piperidine with benzoyl chloride in dry 
benzene, condenses with benznidehyde when heated to form dibenzylpyridine (p. 
205). N-Piperidinecarboxylie acid ethyl ester, pipvridylurHhany Cr,HioNCOO- 
C 2 HS, b.p. 211 {(f- CazeneuvCy MoreaUy C.r. 125, 1107). The piiieridinc rings of 

N-bonzoylpi[)eridine and N-carbothoxypiperidine are broken wlien these com¬ 
pounds arc heated (se(3 p, 221). N-Piperidinecarboxamide, piperidi/larra, 
CdlioNCONIB, m.p. 93° (de la ftoekcy Bull. 31, 21). Tla^ pijxTidide of piperic 
acid is th(3 alkaloid piperine ({). 332). 

The honiologons plperidiaes are prepared by redmdion of tlie homologous pyri- 
diiuy^i wilh sodium and alcohol or of the l,2,3,4-t.e,trahydropyridines with tin and 
hydrochloric^ acid (p. 219) or by synthetic methods {Gunther, B(‘r. 31, 2134). 
They are: the pipecolines, (XH»(Cll 3 )Nld ; lupetidines, CbH 8 (CH 3 ) 2 NH; 
copellidines, C^i,H8(t'll;))(CtdU)Nn; etc. {rf. Levy, Woiffeusieiny Ber. 28, 2276). 

The C-alkylpiperidlnea tjontain asymmetric G-atoms. Several t)f these bases 
have been separated by means of their bit aHTates into optically active components; 
these include 2 -pipecoline (Alarckwald, Ber. 29, 43; Ladenhurgy Ber. 29, 422), 
the copellidine, b.p. 163°, obtained from 2-methyl-5-ethylpyridine (p. 205) 
(Lev'fjy WolffenMein, Ber. 29, 1959), 3-propylpiperidine, b.p. 174°, isomeric with 
coniine, which is synthesized from t-chloro-/3-propylamyiamine {Grauger, Ber. 
30, 1060), 2 -ethylpiperidine, b.p. 143° (Frescy Ber. 33, 3483; Lippt Ber. 33, 
3513), and 3-ethylpiperidine, b.p. 155° (Gunthery Ber. 31, 2141). There is a 
remarkable increase in optical activity when alkyl groui>s are substituted on the 
nitrogen atom in 3'alkylpiperidinos (liohcncmsiTy WolffensteiUy Ber. 32, 2520; 
34, 2420). 2,6-Dimethylpiperidine, lapetidiney is obtained in a racemic form (b.p. 
133°), which can be rcssolved, and a nieso form (b.p. 128°) {Hohenemsery Wolff- 
ensteiriy Ber. 32, 2520; MarctisCy Wolffensteiny Bor. 34, 2426). Similar modifica¬ 
tions arc given by 2 ,6-diphenylpiperidine, racemic form, liquid, meso form, m.p. 
71 °, while 2-phenyl-6-methylpiperidine is formed in two stereoisomeric modifica¬ 
tions, which are optically resolvable (SrhoUZy MuLler, Ber. 33, 2842; ScholtZy Ber. 
34, 1616). 2 ,2,6,6-Tetramethylpiperidine, b.p. (see Franchimonty Fried- 

maniiy Roc. 24, 404). Another interesting compound is the 3 -ethyl-4-methyl- 
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piperidine, since it is closc'ly related to the degradation products of tht^ quinu- 
clidine half of quinine^ (p. 354). 

Oxo Derimtives of the Piperidine Scries. —5-La(4atns are 2-f)Xopip(M’i(lines or 2- 
piperidon(‘s. 2~Piperidone, b.p. 05° (0.4 rnm.) (Ooldsehnudt, Voelh, Ann. 435, 
265). 

The products of the reactions of phoron<'. with ammonia and of diacetoneaniine 
with ac.etal(l(‘hydo and with benzaldehydc ar<^ derivatives of 4-])ii)cridone (cf. 
Pauly, Her. 32, 2244): 


.CAh-C(Clh)2\ 

C0< >Nn 

C(CH3)2^ 

2,2,6,G-Tetramethyl-4-piperidone 
(Triacetoncam ine) 


yCH,- 

c(x 

^CIE- 




\nh 

2,2,r)-TriinethyI-4-piperidone 
(V in yldiaeetoneamine) 


C0< >Nn 

2,2--Dim(‘t}iyl-()-t'h(‘nyl-4-piperidone 
(Benzald iaeeloneatni 7Le) 


2,2,i),()-7\iranieth.yl-A~piperid()ne is of inlen'st because of the similarity of its 
structure with tropiiu' and tropinofve (1): 


/CH((3f,).0]T2v 

cH.vN<r I >c;o (I) 

VjH((dT.,)-EH2^ 

.c((;it3)2CW1 

(see atropine). It yields an acid, NH<f , on oxidation, which 

\C(Cfl3)2C^H2CX)2TT 

is analogous to the oxidation of tropinone to tropinic acid {Heiniz, Ann. 198, 74). 
It reduces to tetramethylhydroxypiperidine, iriciectonealkaminc, C 6 H 6 (CH 8 ) 4 - 
(On)N, which is converted to a j.etraliydroi»yridine, triacetonine, by elimination 
of w^ateK. Tlie tetrainc'thylpifHUMdone riaicls with bromine to fonn a dibromo 
derivative, which gives tetramethylpyrrolinecarboxylic acid amide (p. 48) with 
ammonia (Poiily, Boehm, Her. 33, 919). With inercaptans the t(dramethyl- 
piperidone forms 4-alkylthio-2,2,G,b-tetramethylpiperidines, such as Cr,H 6 (CH 3 ) 4 ~ 
(SC 2 H 5 )N. 2 ,2,i)-T7'imcthyl-4-pipcridonc, on the other hand, gives normal mer- 
ca})toles with mercaptans; those can be o.xidized to sulfonals {Pauly, Ber. 31, 
3145). When 4-isonitroso-2,2,6-trimethylpiperidine, m.p. 151 is reduced, two 
stereoisomeric 4-aminotrimethylpiperidiiies, C 5 H 7 (CH 3 ) 3 (NH 2 )N, are obtained: 
a~, m.p. 26°, b.p. 85° (22 mm.); fi-, oil, b.p. 811° (22 mm.); with nitrous acid 
they give two stereoLSomeude trimethyl-4-piperidinols, CfiH 7 (CH 3 )s(OH)N, m.p. 
137° and 161 °, of which tlu; latter is re.arranged to the former by sodium amylate. 
The mandelic acid esters of the corresponding tetramethyl-4-piperidinols: 

/CTICCH*)—CH2V 

CH3N< >011 O • COCH (OIDCJTft 

^C(ch3)2— cm/ 

differ in their physiological properties, lliat. from the stable isomer (oil) being 
ineffective whih} that from the labile isom('r, m.p. 113°, is uschI t\B a mydriatic 
under the name euphthalmine. 

C-Piperidinesulfonic acid, (Cf,HioN)S0.3H, m.p. 188°, from piperidine and 
amidosulfonic acid at 180° {Paal, Hubnleck, lier. 34, 2757). 

Reduction of pyridine alcohols (p. 211) with Na aiill alcohol gives piperidine 
alcohols. 2~PiperidineSthanol, C6HioN[2jCH2CH20H, m.p. 39°, b.p. 234°, 
from 2-pyridineethanol {picoline alkine, p. 212), is oxidized by CrOa to 2 -pi- 
peridineacetic acid, C 6 HioN| 2 ]CH 2 COOH, m.p. 214° {Koenigs, Happe, Ber. 36, 
2905). 1 -Methyl -2 -piperidineSthanol is converted to l-methyl-2-vinylpiperi- 

dine, b.p. 60° (12 ram.), by heating with hydrochloric acid {Heidrich, Ber. 34, 
1889). 

a-Methyl- 2 .piperidine 6 thanol, QHioNf 2 ]CH 2 CH(OH)CH 3 , m.p. 57°, b.p. 
226-229°, loses water when treated with P 2 O 5 , yielding two stereoisomeric 2- 
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propenylpipcridines, CbHioN[ 2 ]CUT:CIIC/H 3 , m.p. 18°, b.p. 169°, and m.p. 15°, 
b.p. 167°, which can b(' ni.solvcd into optically acHvc components by moans of 
bitartrato (Lofflyr, Fnolrirh, BtT. 42, 107). a-Ethyl-2-piperidiiieethariol, Obllio- 
Nl2]CH>CdI(Oir)C.2ll:,, m.p. 55°, b.p. 127° (15 nim.) . The iodides obtained 
from the 2-pi{>eriflin(‘ aleoliols with III iind(‘ry;») an inir.'niioha'iilar alkylation when 
tn'ated witli alkali, fonnnui; bi(;ve,hc, pM-tiary bas(‘S (I) vN’hich art' eallt'd coriuiines 
{Loffler, JHor.krr, Bta*. 40, IdU); limunicr. Her. 43, 2dlS). Similarly, 

the iodide (hydriodidi-:, m.p. 191 ’) from l-pijxsridiaeethanol, Ck,nioN [4}Cdio- 
Cdl-iOIl, b.p. 141° (14 mm.), yit'lds the bieyclie tjuiniKrlidine (II), m.p. 15S°, 
whieJi is significant because of its relation to tlu^ ciuclioiia alkaloids (p. 551) 
{Meiscukelmrr, Arm. 420, 190). d-Etliylquinuclidine, b.p. 191°, fnun 


( 1 ) 

CH2-CH2(2fICn2 

I I I 

CH 2 .CH 0 .N—CITR 


(HI) 

CrT2-CIb>-CH-(dTo. 

I I >CFf2 

CH2-CII‘>-N Cll/ 


(H) 

/C^n2*cn2^ 

CU -(dl2-CTl2 'N 


(IV) 

Gfl2-(:H2-(dI.(dT2\ 

I I >r 

On2-CH2-N- C(K 


H 2 


3-ethyl-4-piperidiiieethanol, (\JT9N(5](.t2Hf.[4]ClT2C'Tl20n, whose active form is 
obtained by r(‘duction of cincholoiponic acid tester (]>. 225) with Na and alcohol 
{Kornigs, Bn'nhurt, Her. 38, 5049). a-Ethyl-2-piperidinemethanol, ('JIjoN- 
[2)Cn(()H)C'!2H5, m.p. 99°, is tht* inactive form of ronhi/flruie (p. 334); it is 
prepared by nniuctivni of 2-propionvlpyridine with sodium and amyl alcohol and 
IS converted by further reduction into (d /) coniine (p. 332). 2-Piperidine- 
propanol, Cr)TTiflNf2|(JIl2(dT2CIl20H, b.)). 218°, is produra'd by redmttion of 2- 
pyridineacrylic arid (‘ster (p. 218) with Na and aleohol. Wit h dehydrating aj^ents 
such as concentrated H28O4 or P20b it. yi(‘.l<ls a little 2-allylpiperidii)e, Cf,HioN- 
[2]CII2CH:CIT2, b.p. 171°, and niiu*h piperolidine, ncto/??ydropy7Toco/mc (III), 
b.p. 161°. Th(' latler compound also results from the redii(9/ion of piperolidone 
(iV), b.p. 126° (12 mm.), the lactam of 2-piperidinepro])ioiiic acid, CbllioN- 
12]CH2CIT2C()011, m.p. 148°, wddeh is obtained by n'duetion of 2-pyridiiie- 
acrylic acid (Lbjfler, Kdiw, H('r. 42, 94; Lojflrr, h'lugd, l^er. 42, 3420). 

3-Piperidinecarboxaldehydes an' pr(‘j:)a.n'd from tiu' tetraiiydropyridiiu^carbox- 
aldehydes (p. 219) by conversion into 4-c.hloropiperidin(iearbo.\aldel)yde acetals 
with alcohol and hydrochloric acid followi'd by tn'atinrait. wit h sodium and alcohol. 
3-Piperidinecarboxaldehyde itself, ((^bllioN •('Ht))2, is known only in birnolecular 
form; dii'l.hyl acetal, b.p. 55° (0.15 mm.) {WofJy Losdirffsrh, Ih'r. 40, 4695). 

1 -Ethylpiperidine-3-carboxaIdehyde, b.j). 44° (0.2 mm.), polymerizes even more 
readily (Wohl, lAtmuiUch , Her. 38, 4170). 

Pelletierine, om^ of tb(' alkaloids of tin* pome|i;ra.nat(? tren^ (p. 335) has been 
identified as ^-l-pipeyidiNrpropiondldi'lnfdv {Hess^ Kich<d^ Her. 50, 1192). 

2 ,()-Diph(di(iq/{~l -du’thglpipdritlinc occ'urs as lobelanine, ('•*‘>fl 2 r, 02 , an alkaloid 
closely related to the lohdinc, ({>. 335) of the lobelia f)lant {Widand, Drngvndorffy 
Ann. 473, 83; see under alkaloids). 

Piperidinecarboxylic acids are obtaim'd by reduct ion of pyridinecaT boxylic acids 
with sodium and al(!ohol. Pipecolinic acid, OsHioN(C'OOIJ), m.p. 26 L °, has been 
resolved into d- and ^-pipecolinic acid, m.p. 270°, by mi^ans of the bitartrate 
[Mendey Her. 29, 2887); tlie ^-acid is also formed by the oxidat ion of conhydrine 
(WilUUittvr^ Her. 34, 3166). Hexahydroquinolinic acid, C\oH 9 N(COOH) 2 , is 
similarly prepared from the hydrojdithalic acids in two stenioisomeric modifica¬ 
tions, m.p. 227° and 253°, each of which can be resolved into two optically active 
forms (r/. Bcdhoni, Her. 29, 2665). Hexahydrocinchomeronic acid, inactive 
laiponic acidy m.p. 256° (dec.), (Koenigny H'olffy Her. 29, 2187), results from fur- 
tlier oxiilation and deaedivation of cincholoiponic acid, a decomposition product 
of (unchonine (p. 351). The methyl iodide addition product of N-rnethylhexa- 
hydrocinchomeroiiie acid rea<d.s to alkali somewhat differently than N,N-di- 
methylpiperidiniuni iodide (p. 221) : itformsadimethylaminocyclopentanedicar-, 
boxyuc acid (Skraup, Piccolif Mo. 23, 269) : 
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,cno.ciT(ro.JT)v 

i(CH 3)2N< Vi!cx\.n 

- cii/ 


Kon 


((:M,)‘>N-(U1-(TU(^(),H). 

I >CTTCO,H 

- cu/ 


The homf)]()gous cincholoiponic acid, o-rarhoxii-A-pipiridincacvtic acid, m,p. 222“ 
(nnhydrous), is pn'pan'd similrirly; it is an important dc'cornposition product of 
flic cinchona alkaloids, and is c'>n>a‘rtcd hy further oxidation to loiponic acid. 
ft, ha,s been syjithesizd l)v Wold {Wold, Losaudsch, IW. 40, 4698; Wold, Maag^ 
lier. 42, 627). The synthesis starts from 1 ,2,5,6-t('trahydropyridiIle-3-carbox- 
aldehyde fT) (p. 219), prodnciaj by hydrolysis of iminodipropionaldehyde acetal; 
its oxiin(‘ is converted by SOCb to t(‘trahydropyndine-3-nitrile (II). The ester 
nitrih' (Ilf) obtained from this Tiit.rile by addition of sodium malonic ester yields 
on sa[)onificatif)n with bai'ium hydroxid(‘ solution rr/r-cincholoiponic acid (IV) 
in two st(‘r(‘oisomeric forms; (Ik^ hiyh»‘r-melt.iny rnodificatifm, when resolved by 
means of brucine, ecives a d-cincholoij)i)ni(; a,cid id('ri 1 i(aal with a decomposition 
product of the cinchona alkaloids: 


(I) 

riij-cii 

I II 

CTIa C-CIIO 

I I 

Nir CIE 


(IT) 

c\u C'lr 


-^ Clb CbflN - 

I I 

NiT-niE 

(iri) 

(di 2 —(ni-(dr((n,R )2 

I I i 

EIE ElfCN 

! I 

Nir—C1I2 


(IV) 

Clfa—CIPCIECOall 

I I 

CU 2 OITCWI 

! I 

NH CIE 


Th(' raetliyl iodide addition produ(*.t of cin(*holoipr)nic a(‘id is nairrans’ed by 
alkali in a manner similar to tin* hc'xabvdrocinchomt'ronic acid, dinudhylarnino- 
carboxycyclopro])an(‘acetic acid being formed {Skraup, Mo. 21 , 879): 


I(CII,)2N--CIl2—CH • CO 2 R 

I I 

cn 2 -cn 2 -ciicn,co.,R 


-> 




Cllj-CII-COill 

CEI 2 —cni-ciecOjii 


2 , 6 -Piperidinedicarboxylic acid, from dibromo))iineli(t acid with ammonia 
(Fischer, Her. 34, 2513). 

Eucaine, 1 ,2,2,6,6-pentainethyl-l-benzoyloxypiperidine-1-carboxylicacid ester: 


(CIb)N< 


E(0IE)2—CII.. xOCXX^elE 

•0(Cll3)2—CII./ XIOOEIR 


has b(H>n rec.ommended as an anesthetic to substitute for cocaine (Aferliag, Ber. 
6 , 173; Parsons, Am. 23, 8S5). 

A large number of -l-piperidone^/o-dicarboxylic acid esters have been pre¬ 
pared by condonsfition of /9-k(doglutaric acid ester with aldehydes and NH 3 or 
primary amines (Pctrcnko-Kritschcnko, J.pr. 85, 1 ): 


RO 2 C • CII2—CO—CII2 • CO2R 
R CII. O NH, 0 :CHR 


RO2C CII - CO — CH • CO2R 


I 

R-CII—NII- 




R 


Other piperidine det ivntives which are alkaloids or decomposition 
products of alkaloids, such as coniine or 2-propylpiperidine, tropine, 
and eegonine, are treated in the section on alkaloids. 
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(b) Quinoline Group 

The bases of the quinoline or 2,3-benzopyridine group occur to¬ 
gether witli those of the pyridine grou]) in bone oil and coal tar. 
They are also ol)tained from vaiious alkaloids ])y distillation with 
potassium hydroxide; ciuinoline was first pre])ared by Gerhardt in 
1842 in this way from the alkaloid cinchonine. ./ 

Its manner of synthesis, mode of reaction and number of isometric 
derivatives indicate that quinoline has the following formula, which 
is similar to that of na])hthalene except for the re])lacement of an a- 
CH group by N: 


J8] (11 

161 14 ] 

(ana) [ 7 ] 

(For the aiTanj^eiiuuit, of tlu' doubk' bonds, sctc* xXuwrrti, Z.phvsikal.Cheni. 116, 
488.) 

Substd-uoids in (ho pyridiiu* rinj^, w])ich were designated cy, y in the old no¬ 
menclature, are now nuinb(a’ed 2 , 8 , and 4, resp(‘e<ivoly, N fxnnjr considered posi¬ 
tion 1; the nuTnb(‘rs 5, 6 , 7, and 8 indicate substitnents in tlie benzene ring. 
The older method us(‘d the symbols o, rn, and p for substituents in the 8 , 7, and 
6 positions, respectively. Substitiumts in the benzene ring were often indicated 
by the symbol Liz, and those in tlie lyyridim' ring Vyv Pi/. 

The constitution of quinoline was first disclosed by its synthesis by Konigs 
from allylaniline ov(!r lead oxide luaibHl to redness (this is analogous to the 
formation of naphthalene from phenylbutyleiup : 

CH 2 --CH 

Celb. I-> Col 

Nil -CIb 

A more direct i)roof of its constitution is ofTer(‘d by its preparation from hydro- 
carbostyril (p. 245); the latter is treahid with PCh to give a dichloride which is 
reduced with hydriodic acid (Banjer, Ber. 12 , 1820): 

/CHr-CIb 

CeHZ I 
\NII-~CO 

Methods of Formation of Quinoline Derivatives. — {1) Condensation 
of o-amino compounds of benzene derivatives which have an oxygen 
atom attached to the third carbon atom of a side chain. 

For example, quinoline is formed from o-aminocinnamaldchi/dc, 

/NH* 

CflH/ 

H1H:CHCH0 

2 -methylqumoline from o-anmwstyryl methyl ketone, and 2 -hydroxyquinoline 
(carbostyril) from o-^minocinnarnic acid. 

(^) Condensation of o-aminobenzaldehyde or o-aminobenzyl ke¬ 
tones with compounds containing the grouping —CH 2 CO—, such as 
aldehydes, ketones, acetoacetic esters, and malonic acid esters in the 
presence of sodium hydroxide {Friedldnder^ Ber. 16, 1833; 25, 1752): 


> C6n4< 


<' 


CII=-CC1 

I 

N=—CCl 


Cell/ 

\N: 


CH--CH 

Ah 


/ClI-ClI 

/ I 

\n=-X1I 
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/Clio CH, /CH-=CH 

Cell/ -f I -> Cell/ 1 

^NIL COCITs \N—CCH, 

The o-amino compounds used as starting materials in method 1 are 
formed as an intermediate stage in this synthesis. 

In this way cinchoninic acid and derivatives of it are formed from isatinic acid 
and akhdiydes (Pfitzwgcr, J.pr. 66, 203), 4-quinolinols from anthranilic acid 
and aldehydes or ketones, and 2-quinolinols from o-atwlaminoacotophenones, 
/COCHa 

such as C 6 ll 4 <; [Camps, Ber. 32, 3228; Arch.Pharm. 237 (1900), 

XNHCOCPh 

426]. 

The synthesis of quinoline from o-toluidine and fj^lyoxal and that of 3-hydroxy- 
quinaldirui from o-toluidine and pyruvic; acid are similar (Fulvermacher, Her. 27, 
()2S; Kulisch, Mo. 16, 331). 

(3) The Skraup synthesis. Quinoline and its derivatives substi¬ 
tuted in the benzene nucleus are prepared from aniline and other pri¬ 
mary aromatic amines by heating with glycerol and sulfuric acid at 
140^ in the presence of nitrobenzene or arsenic acid as an oxidizing 
agent (Knueppelj Ber. 29, 703): 

CJhNHz -f CjThOj -> CslbN -f 3 11,0 -f 2 II 

Quinoline 

Probably acrokan is first forin(‘d from the glycerol; this redacts with aniline to 
give; the anil of /S-aniliiiopropionaldc^hyde, which splits off anilines and two hydro¬ 
gen atoms to yield quiriolim; {Blaise, Marie, Bull, f*!] 3, 667); 


CelhNiCH—Cdh 


CeHsNTI-CIh 


/CH=-CII 

C6Tl4< 1 

\N—CH 


This interpretation of the course of the rciaction is confirmed experimentally by 
the immediate conversion of the anil of /:^-anilinoacrolein (from 2-propynylacetal 
and aniline: Claisea, Ika*. 36, 3667) into quinoline on fusion with zinc chloride 
{Konig, Ber. 56, 1853). 

Halogen, nitro, hydi’oxy, and methyl d(irivatives of aniline react, iii the same 
way fis aniliiK'. I)iaminobenzenes give plaaianthrolines (p. 265) and naphthyl- 
amines, naphtho(|uinolinos (p, 248). instead of a mixture of aromatic amino 
with nitrobetizene, the corresponding nitro compound can be used alone; this is 
partially reduced to the amine by th(' hydrogen released in the reaction. The first 
synthesis of this type was the preparaiion of alizarin blue (p. 24S) from nitro- 
alizarin (Vol. Ill, p. 663), glycerol, and sulfuric acid {Graebe, Ann. 201, 333). 
Ph(‘nylhydroxylamine can be used in place of aniline in the Skraup synthesis 
{Bamberger, \Veetaauer, Ber. 55, 3376). 

{4) The following methods can be considered as modifications of 
the Skraup synthesis: 

(a) The quinaldine synthesis of Dobner and Miller .—Quinolines 
substituted in the benzene or in the pyridine ring are obtained by 
condensation of anilines with aldehydes in the presence of sulfuric or 
hydrochloric acid. Quinaldine (2-methylquinf)line) is formed from 
aniline and acetaldehyde: \ 

C 6 H 6 NH 2 + 2 CH 3 CIIO -^ C»H«N(CH 3 ) -f 2 II 2 O + 2 II 

Quinaldine 

Any aldehyde of the formula R-CPL-CHO can bo used in the reac¬ 
tion. It condenses with itself to give the unsaturated aldehyde, 
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R-CH-rCH:CR-CHO, which reacts with the aniline to form 2-alkyl- 
quinolines. 

A])piirontly alkcinylunilifui first, fornind is coiw^'rtrd into an /ildol-lilco di- 
inok'cnhir oondonsaliori prodiK^t, which loses aniliiui to ^ivo (luinaldiric {BiscMeVy 
Ber. 25, 2864; v. Miller, Blor.hly Bor. 29, 50): 


2 CHaCIENC^eTh, 


I -—> 

C^oIENIT-CTKnia 


.GIT—CH 


The hydro^ 2 ;on evolved in the. riMictiori sorrietiines eiuisi's a partial reduction of 
the reaction product to a tetrahydniqiiinoline diaavativi* (p. 244). 

(h) A mixtun; of two a]dehyd(\s or of an aldehydci and a. ki'toiu* can he used 
in place of one aldi^liydtn Tlu' ])roduct is a 2, T-di- or a 2,3,4-trialkylquinoline 
(/Tc.yer, B(!r. 20, lt)08). For exanipl(‘: 


OH, 

I 

+ GO-CHa 

NIT. 4- OGII-Cdl, 


GIT, 

I 

.0—GIT 
GcT,J< I 
NN^-G-G 


ITs 


((‘) A inixt urx' of an atk'hyde ^vith pyi uvi<‘ acid conden^('s witli anillra' to fi;ive 
a 2-alk!il<‘iftehofu'ni(' avid (2-a,lkvl()uinoiine-T-ca.rhoxy]ic a.cid) (p.241'i (Dahnrr, 
Frithnrky Ann. 281, 1 ; Horsrhe, Ikna 42, 4072; for lh(‘ cnnirst* of tTu* r(‘ac(ion, see 
Bodforssy Ann. 455, 41) : 


CoTIa. 


CA)OIT 

I 

d- GO GH., 
"^NTTa 4- GIIO*R 


GOOTT 

I 

G-GH 


< V /— V 'lTL 

I 

N--C-R 


This rc'action runs so smoothly, particula.rlv when /?-naplithyla,inin(‘ is us(‘d in 
plac.e of aniline, that tlu' formation of a, naphthocinchoninic acid may Ixi us(m 1 for 
th(^ detection of (ildeltf/des or of pyruvic acid (Vol. T, [). 46.3) m tnixluwH. Pyruvic 
aiad aloiKi also c.ondenses with aniline, sim*e part of it is first convi'rted into aldc'- 
hyd(‘; the products an! 2-m('thylcinchoninic acid (aniluvitoninic acid) ami plumyl- 
hitidone. 

(d) ^-C’hloroethyl ketones, such as GHaGlGH 2 G()GH.'!, when lieated with 
aniline and aniline hydrochloride in tin* presence of rdcohol yield 4-alkylquino- 
lines. /3-Anilinoethyl kidones are formed as intermediate proiluct.s and condense 
in this way {Blaise, Mairc, Bull. [4] 3, 007): 


yll RGO GlTs 

< I 

\NIT-Gli2 


/G(R):GH 
GJi/ I 
\n -GH 


(c) fi-l')ik(*tOIK'S with anilines and dehvdratinj>; agc'nts form (pht'olines {cj. 
Buloiv, fssler, Ber. 36, 2448; 36, 4013; Roherts, Turner, J. 1927, 1832): 


/IT GHsGO-GIT. 

C:Jt/ 4- I 

XnH. GOGTTa 


AXGlTa) :GH 
G41.,<^_ ] 


\N—- 


GGlh 


o,p-13irectin.£? substitmmts in the meta position to the N favor the ring (4osure 
but ill the para position hinder it {RokerU, Turmr, ,1. 1927, 1832). 

(5) Hydroxyipiiiioline derivatives are olitained by ring closure of 
aniline derivatives of /3-ketonic acids and i3~dicarboxylic acids: 

(a) Acetoacetanilide (from aniline and acetoat'eiic ester at 110°) 
is condensed by concentrated acids to d-mcthylcarbost^ndl (4-methyl- 
quinolinol-2) {Knorr^ Aim. 236, 112): 
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Clla-COCIL 

I 

CelLNHCO 

Acetoacetic acad anilide 


yCiClh)=Cll 
:\n/ I 

4~IVIeliiyl(]uinoliii()l-2 


a;-Acct()i)r(>])i()nic acid anilidet ]»y tlie same troatnKiiii yields 3,4- 
dimethylcarbos^yril; acetoacctic acid methyl anilide gives the N- 
methyl derivative of 4-metLyl}KseiHlocarl)ostyriI (p. 238). 

{b) A(adx)acet.ic ester anil (or the tautomeric j(^^-anilinocrotonic acid 
est('r), })i‘epared from a(a^toa(*,eti(^ (‘ste]“ and aniline at room tempera¬ 
ture, forms, when luuited at 250^^, 2-m(d4iyl(iuinolinol-4 (Conradj 
Limpachy Her. 24, 2990): 


IIO(X)-Cll2 /C^(01I)-=C1I 

Cell, I -> Cell/ i 

N -^C CIIa 

Aecioaeclic ester anil 2-Mothylquin()linol-4 

Benzoyl a(!(d,ie acid eslia*, a.(^(‘toJK‘(li(*arhoxylic acid ester, and tin? like react 
similarly. IJoinolof'ues of aniline, anfivanillie acid, or j)h('nylenediainine can be 
ns(‘d in pla.ee of aniline {liijvanck, Bia-. 31, 2Md; JieMhorn, (JarlM'.ti,, Bin*. 33, 3439, 
3448; V. Nu tnci(toi:\ski, Ik^r. 38, 2014). Benzanilide imide chloride and sodium 
malonic acid ester torin the anil of Ixaizoyirnalonic acid ester, wliich condenses to 
4-hydroxy-2-phenyl(iuinoliiie-3-carl)oxylic acid ester (Jud, Bijr. 19 , 1541): 


, BOCO-CILCOOR 

1 

\N—=/hC6lU 


cai 


< 


C(01I)=-:C-00011 

I 

N-—-rC-CfiH, 


Phos])horus pentachloride convert,s N-]>h(mylmalonamic acid into 2,3,4- 
iTichlor()q)nno{in('. {Rugheiimr^ Ber. 18, 2975; liugheiniery Schramm, Ber. 20, 
1235). llie alkyhnalonaiiihe acids condense in the same way. 

(6) The (!onvei‘sion of imioka to 3-chioro- or 3-brorrio(iuinoline derivatives 
(p. 235), analogous (,o that of pyrroles to pyridiries, is accomplished by heating 
them with sodium akaiholate and CIICI 3 or CTIBra. o'-Alethylindole rearranges 
to quinoline when its vapors are led through a glowing tube {Ficict, Ber. 38 , 
1949). 

(7) A mixture of aniline with acetaldehydi^ vapors ovi-r hot aluminum oxide 
yiedds 4-methylquinoline (lepidine) and a little 2-methylquinoline (quinaldine) 
{Tsckitschibabin, Oparina, lier. 60, 1873). In the condensation of acetylene with 
ammonia at high temperatures a small (juantity of quinoline is found among the 
products {Meyer, We^che, Bi^r. 50, 424). 

Quinoline and many of its alkyl homologues occur in coal tar, lignite tar 
[Frank, Volbner, Braunkohle 23 (1924), 505], and low-temperature tar. 

Properties of 0:ai7iolmes~- T\\o quinoline bases are liquids w ith a 
pun gent odo r: nm spnin ii.ow_QTiiJ_riUQ/myTrdiiKio 

in n.lcolirj] fpnl oihor. T hey arc te rtimw bmscs n.nri resemble the pvri- 
dines i n these chemical ^ 

1 . Tliey I'urm salts and doable salts (which are described under the 
individual compounds). 

With alkyl iodides, d ialkyl sulfate s, a cid chlorid es. 
acid, and the lik e theV form* pounds- {Decker^ Ber. 38, 
1144; Eckstein, Ber. 39, 2133). The ease of addition of alkyl iodides 
depends on the nature of the vsubstituents in the quinoline compound 
{Deckery Ber. 24, 1984). The (luinoline iodoalkylates partially de¬ 
compose on heating into quinoline and alkyl iodide. For their behav¬ 
ior with alkali s ee p. 2 30. With«adui-oWorides unstable addition 
compounds are generally formed. 
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3. QuinoliiK^, like pyridine, is but slightly attacked by nitric acid 
or chromic acid. Potassium ]Mn-manganate, liovvever, destroys the 
benzem; ring, l(‘:t\'iiig acid (quinolinic acid) 

(p. 215). d'he homologous (luinolines alkylated in (dtiier the pyridine 
or th(* bemzene ring are oxidized by (diromic acid in sulfuric acid solu¬ 
tion to the corresjx-uuling quinolinccarhoxylie acids. In the reaction 
of alkylated quinolines with potassium permanganate, the benzene 
ring is destroyed and vyridinepolycarhoxylic acids are formed (v. 
Miller, Ber. 23, 2252). 

Potassium permanganate breaks down the pyridine ring of 2 -alkyl- 
quinolines, leaving acid derivatives of o-aminobenzoic acid. Thus, 
2-phenylquinoline gives henzoylanthranilic acid {Doebner, Miller, Ber. 
19, 1196). Also in the oxidation of quinolinium compounds the 
pyridine ring is ruptured; N-alkylquinolines are formed as intermedi¬ 
ate products (see below). 

4 ,. When reduced with zinc and hydrochloric acid or catalytically 
with hydrogen over finely divided nickel at 160-180^, the pyridine 
ring of quinoline compounds takes up four atoms of hydrogen to form 
tetrahydroquinolines (see p. 244). Energetic redindion produces 
decahydroquinolines. 

QUINOLINE, b.p. 239*^, m.p. —22.6^, d^® 1.095 (ebullioscopic 
constant = 56.1), is a colorless, pungemt, highly refractive liquid with 
a powerful antisejitic action. It occurs in bone oil and coal tar. It 
is obtained from various alkaloids and is preparcul synth(‘tically, ac¬ 
cording to Skraup^s method, by boiling a mixture of glycerol, aniline, 
sulfuric acid, and nitrobenzene or arsenic acid several hours (Skraup, 
Mo. 2 , 139; Walter, J.pr. 49, 549; Knac.ppd, Ber. 29, 704). It forms 
crystalline salts with one equivalent of a,(id; the dichrornate, 
(C 9 H 7 N) 2 H 2 Cr 207 , m.p, 165°, is sparingly soluble and can be used for 
the purification of (piinoline. 4he numerous molecular compounds 
with metal salts are also suitable for this ])uri>ose, e.g., the chloro- 
platinate, (C 9 H 8 N) 2 PtCl 6 + 2 H 2 O, m.p. 218°; picrate m.p. 203°. 
For the production of pure quinoline from crude coal tar quinoline 
by heating with copper oxide, see Ger. Pat. 451590, 1925; Frdl. XV, 

340. Quinoline belame, C 9 H 7 N- 0112 *COT), m.p. 171°, from quino¬ 
line and chloroacetic acid in the form of its hydrochloride [Ihlder, 
Arch.Pharm. 240 (1902), 504; Decker, Kopp, Bei’. 39, 72 ]. Quinoline- 
l!^-oxide (hydrate), m.p. 62°; picrate, m.p. 143°; from quinoline and 
perbenzoic acid (Meisenheimer, Bor. 59, 1848). Reduction of quino¬ 
line gives di-, tetra-, hexa-, ami dccahydroqumolme (p. 243). 


Alkylquinoliniurti compounds. —l-Methylquinolinium iodide, CaHyN-CHsI -f- 
H 2 O, m.p. 72° (anhydrous, m.p. ]aa°). I-Ethylquinolinium iodide, m.p. 159°. 
Like the pyridinium hydroxide's, tlic water-soluble hydroxides first formed by the 
action of alkali on quinoline alkyl iodides are unstable (with the exception of the 
amino- and hydroxyquin(dinium bases), and rearrange into the nonconducting 
dihydro-2-quindlinols (pseudo-bases, quinolanols), which aro insoluble in water. 
The latter are quite reactive, and are simultaneously oxidized and reduced by 
sodium hydroxide to N-alkyl-2-quinolones and N-alkyltetrahydroquinolines. 
With alkaline potassium ferricyamde solution only the N-alkyl-2-quiuolone is 
formed (Roser, Ann. 282, 363; Decker, Ber. 36, 2568). With a(?ids the pseudo¬ 
bases change back to the original quinolinium salts: 
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CH=CH 

Cell/ T 

\tnjt=0 


in. 


IH 


NaOH 


HI 


/CH=CH 

CflllZ I 

\n-011(011) 

(lin. 


C 6 H,<(* 


CH=CH 
N-CO 

ill. 


The hydroxyl group of the dihydro- 2 -quinolinols is very active. When those 
compounds are boiled with alcohol they are converted to alkoxy compounds or 
alcoholates. They react with aniline, phenylhydrazine, hydroxylamine, and com¬ 
pounds containing an activated methylene group, splitting (df water {Kaufinann, 
Strubin, Ber. 44, 680; Decker^ Kaajmmuiy J.pr. 84, 219). Tn view of these 
reactions it has been c.onsidered possible that these compounds are not dihydro- 2 - 
quinolinols but the o-alkylaminocinnamaldehydes formed by an opening of the 
ring similar to that which has been observ(;d in the case of dinitrophenylpyri- 
dinium chloride (p. 202 ): 


CH-=CH 

CcHZ 1 or 

\N(CH,)-CH(OH) 




C1I=—=CH 
NH(CH,)iHO 


Such a rupture of the (luinoline ring is known to occur in several cases. o-Bonzoyl- 
arninocinnamaldeliyde is formed wlam quinoline is treated with benzoyl chloride 
and aqueous sodium hydroxide B(a\ 38, 3415): 


.(,41=^ CII ceii.coci /Cii-:cn.cno 

CcTlZ I -> CJl/ 

\n-—(T l -fNaOH ^NHCOCcHfi 


l-Methyl- 2 -phenyIf^uinolinium iodide is converted by aqueous sodium hv- 
droxide to a very reactive hydroxydihydnxiuinoline, which is oxidized even by the 
oxygen of the air to e-m(4livlaminodib(mz(>ylm(4;hano {KaufmanUt Jarm/i, Ber. 
44, 2670): 

Xm .:::.-:^CIl /(Tl " —CH 

Ceil/ I -> CeU./ I (?) -► 

>N(CH 3 )I : • Cell, ^N(CH 3 ) • C(OH)CoTI 6 


CJL<^ 


CO- 

NH(CH3) 


CHa 

ioCcHfi 


The great n^activity of the hydroxydihydroquinolines and their deliydrogena- 
tion products, the quinolones, and the ease of condensation of 2- and 4-methyl- 
quinolines (p. 232) make possible the formation of th(^ valuable blue and red 
dyes of the cyanine^ isocyanmCy and apocyanine groups (sei^ p. 235). 

The following naictions of the l-alkyhpiinolinium halides are similar to the 
rearrangtnnent of quinolinium hydroxides to dihydroquinolinols: 

(a) With alkylmagnesium halides they yield l,2-dialkyldihydro(iuinolines 
{Freund, Uichard, Ber. 42, 1101 ; Meisenheimer, Stotz, Hauer, Ber. 58, 2320): 


-=-CH CH,MgI /CH- 

4\ I -> 

^NlCIDfDiCH \N(C 


/CH 

cj-i/ 


=:CH 

I 


{h) With potassium cyanide very reactive N-aikyldihydrocinchoninic acid 
nitriles are formed, probably by rearrangement of quinolinium cyanides, the first 
products; they are converted by oxidation with potassium ferricyanide into 1 - 
alkyl-4-cyano-2-quinolones and by treatment with iodine solution into l-alkyl-4- 
cyanoquinolinium iodides {Kaufmann, Widvicr, Ber. 44, 2058): 


\N(CH,)(I):Cn 


/CII(CN)—CTI 

CeH/ !1 


• c„h/ 


C(CN)==CH 


With benzoyl chloride and potassium cyanide they react in an unexpected 
manner, forming 1 -benzoyldihydroquinaldinic acid nitrile {Reismi, Ber. 38, 
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1600). For the action of cyanogcai bromide on quinoline, see Shitnidzui, J. 
riiarin.Soc..Japan 1926, No. 5:10, 25; of (Oilorotonmc acid ester, see Hopkins^ J. 
117, 27<S. 

HOMOLOGOUS QUINOLINES. (For the nuinberinf*; of the quinoline ring, 
see the foriuula oji p. 226.) All seven isomeric methyhiuinolines are known. 
Tlu* four (iuinolitK‘s rnethylaU'd in the briizene mndeus are calkd tohniuinolines or 
narthylbenzociuinolines; they are produced by the application of the Skraiip 
reaction to the t}ii<.‘e toluidines. 8(or o)-Methylquinoline, b.p. 248°; 6(or p)- 
raethylquinoline, b.p. 257°; 7(or m)-inethylquinoline, b.p. 248°; 5-methyl- 
quinoline, b.p. 25U°. 

QUINALDINE, 2(or cv) methylquinoline, b.p. 247°, is pres<^nt in (U)al tar 
quinoliiie (up to 25%) (Jacobsen, R.cimcr, Ber. 16, 1082). It is prepared by the 
various syntlietic methods given on p. 227 and also by reduction of l-qiiinolinol 
(p. 239) arul by fusion of N-ethylacetanilidc^ with zinc (chloride (Pictet, Pert, 
Ber. 23, 1903). It is obtaijKMl a{aa)rding to the rnetliod of Ddhncr and v. Miller 
by many hours’ boiling of aniline witli paraldeliydi? and crude hydrochloric acid 
(Dobner, v. Miller, Bit. 16, 2465). I)i(‘hroniat(^, m.)). 110°. 1~M(Un/lquituii- 

dvtUum iodide, m.p. 190”. N-O.rfdc, pi(;rate, m.]). 174° (^McisenJieinier, Stotz, 
Ber. 58, 2334). Trealmeni with chlorine or bromine in the presence of sodium 
acetate gives 2-(trichloro- or tribromomethyl)-<juinolin(s rn.f). 56° and 128°, 
both of which hydrolyze (luantitatively to quinaldinic acid (Harntnick, J. 123, 
2882 ). 

3(or d)-Methylquinoline, m.p. 10 14°, b.p. 253°, is formed by heating n- 
aminobenzaldeliyde with propitinaldehyde at 220° (Wisllcemis, Eluert, Ber. 42, 
1144). 

LEPIDINE, 4(or 'y)-methylquinoIine, m.p. 257°, ocM-urs together with quino¬ 
line in coal tar; it is prepan-d from cirtchouiiui by <lis(illation with KOH as well as 
by synthetic methods (ej. Bi/vaock, B<‘r. 31, 2153). fA'pidini' is formed when a 
mixture of aniline with 2 molar pro])ortions of a(H4,aliie}iy(i(‘is passed over heated 
AI 2 O 3 (Tschitsehibftbin, Opanna, Bca*. 60, 1873). 

Chromic acid oxidizi's all t hrec; m(4,hyhiuinormes to tin* corn^sponding quinoliiu^- 
carboxylic acids (p. 241); KMn0.i giv(‘s pyridinetric.-irlx^xylic acids (p. 216). 

2,3-Dimethylquinoline, b.p. 261° (Rohde, Her. 22, 267); 2,4-dimethylquino- 
line, b.p. 266°, from acetylacet-oiK' and aniline. 3,4~Dimethylquinoline, m.p. 
05°, b.p. 290°, from 3,4-dimethylcarbo.styriJ. 

2,8-DimethylquinoUne (o-totuquunddme), m.p. 27° (lT///c/-, IhT. 60, 298). 

2-Ethylquinoline, b.p. 255-260°, and 3-ethylquinoliiie, 1).]). 265°, are formed 
when ethylquinolini\in> iodidt; is heated to 250° (amilogous to jirepai'ation of 
alkylpyridiiu‘s, p. 204). 4-Ethylquinoline, b.p, 270 275°. 4-Propylquinoline, 

b.p. 159° (16 mm.), hor triniethylquinolines, scm' Yititiagorhl, J.Fharm.Soc. 
Japan 1924, 5. 2-Phenethylquinoline, s(‘C' p. 233. 

Tetramethylquinolines: 2,1,5,7-, m.p. 59°; 2,1,6,8-, m.p. 86°; 2,1,5,8-, m.p. 
131° (Mikeska, Adutos, Am. 42, 2394). 

As in the case of tin' 2- and 4-methyIpyridines (p. 201), the 2- and 4-CfT8 or 
-CH 2 R grou})s in t h<' quinoiim‘ series condeUvSe w ith akhdiydes and also react, with 
nitrosobenzene and nitrosodimethylaniline [lirowning, (U)hen, FMitigworlh, 
(ridbrarm’ri, Proc.Roy .Soc.London B 100 (1926), 293]. The 2-meth3d groups also 
condenses wit h plithalic anhydride. 

Formaldehyde and quifialdiiie give 2-quinolineethanol, meihylolqidnaldinc, 
C«H6N[2]CH2CH201I, m.p. 105°, /3-hydroxymethyl-2-quinolineethanol, dimeihyP 
olquinaUlinc, [2]C}:1(CU20H)2, m.p. 117°, and d>d-di-(hydroxymethyl)-2- 

quinolineethanol, trimvthylolqninaldtne, C»HcN[2|(X(JIT20H)a, m.p. 143°. If 
the 3-position is substituted, the 2-methyl group cond(‘nses wdtJi just two mole¬ 
cules of formald(4iyd<‘: ^-hydroxymethyl-3-methyl-2-quinolineethanol, 3- 
m,ethyl-2-dimeth}/lolquin(il(luif, Oj)ri:,N [31( 34312](31 (OTTaOll};>, in.p. 107°. Simi¬ 
larly, Icpidirie gives only 4-quinolineethanol, nietJiylollepiAtue, (blLiNl ljC 312- 
GILOH, oil, and d-hydroxymethyl-l-quinolineethanol, dimethylollrpulloe, CgHe- 
N[4]CH((JH20H)2, m.p. 128°. In 2,4-dimetl\ylquinoline the 2-methyl group 
reacts first: 4-methyl-2-quinolineethanol, m.p. 98°, and d-hydroxymethyl-4- 
methyl-2-quinolineethanol, m.p. 140°. Chloral and phthalic anhydride also re¬ 
act W'ith 2-methyl groui)s (Koenigs, Mengel, BtT. 37, 1322; see nex(, page). 

By (diminatjon of wuitcT, (piinolimxUhanol yields 2-vinyl(piinoline, Cj,nf,Nj21- 
CHiCdR; t.he jS-hydroxymethylc^uinolineethanols an^ reduced by hydriodic acid 
to 2- and 4-isopropylqumoline {Koenigs, Ber. 32, 223). 
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Depending on the redaction conditions, quinaldine and lepidine condense with 
benzaldi'hyde to give* eitluT 2- and 4-styrylquinoIine {h(iiz]d'id(;n(’qid7ialdiiw and 
hfftzj/lidenclf piddic), rri.p. 100° and 92°, or benzylidenediquinaldine and benzyli- 
denedilepidine, (Cgltr.N •CH 2 ) 2 ni(-eHfi, m.p. 156° (dec.) anfi 218°. 2-8lyryI- 
qninolineH with (vriain substitiieots (balogc'n, alko\y, hydrazino, etc.) in tlie 4- 
position liav(‘ st rong ba.(4ericirlal properlies \ nrotnuiug^ Cohen, Ellingivorth, 
Culhraih^cny Proc.Jtoy.tSoc.London 11 100 (1926), 292; (l(‘r. Pat. 440008, 1921]. 
H(‘ductioii of 2- and 4-styrvl(iuinoline yi(4ds 2- and 4-]>lu'nelhylquinoline, m.p. 
80° and 101 °, which can tvlso be condenstal wiih 1 or 2 molar proportions of form- 
ald(4)ydf' (F^of trigs, H(‘r. 32, 8599). 

T^epidim* coruh'nses wil h chloral to giv(‘ f:K-(trichloromethyl)-4-quinolineethanol, 
(C 9 HfiN)(dl 2 LH(On)CCl 3 , m.p. 175°. The analogous 2-derivative, m.p. 144°, 
obtaimnl V(n-y easily from qiiinaldine and chloral, is hydrolyzed by alkali to 2- 
qiiinolim'lactic acid, (CylLN)CH./jn(OH)COOH, an<l 2-qiiinolineacrylic acid, 
(CoTTfiN)(dd: (dlCOOH ; the quinolinehndic acid is convert,(‘d by concent rated 
sulfuric acid to 2-quinolineacetaldehy<le, (CtyHfiNltTI/'HO, m.p. K)4°, and by 
oxidation to 2-(iuinolineacetic acid, (C 9 H«N)CH 2 CO()rT, m.p. 275°. The a- 
(trichlororn(‘thyI)-4-quinolineethanol is hydrolyzed to 4-quinolineacrylic acid, 
m.p. 250-255° (dec.), which is rednc(^d by HI and phosphorus to 4-quinoline- 
propionic acid, m.p. 208° {7\oe?dgs, MilUcr, Ber. 37, 1887). 

WOien hf'nterl with pht-halic anliydride at 220°, (}uinaldine forms a yellow dye, 
quinophthalone; 


(C9HeN)CIT< NCbTL 

\co/ 


m.]). 241 °; at lower temperatures the reaction prodiic.t is the isomeric 2-quinolme- 

methylenephthalide, isoqtdtiophthalone, (C9TT6N)CH:(^LC6H4CU0, m.p. 187°, 
which rearranges t,o quiiioplitlialone when hr^atod to 250° or when treated with 
sodium (ithylat(‘ (Eihtier, Merkel, Ber. 37, 3006). This n'actioji is (!omparablo to 
the conversion of benzylidenephthalid(‘ to phenyldiketohydrindene. Quinoline 
yellow, a silk and wool dye, is quinophthalone sulfonic acid. For the reaction 
bet ween'quinaldine and f)hthalald(4jy(lic acid, see Neneki, Ihu’. 29, 187. 

With oxalic (\ster and pota-ssiurn ethylate, quinaldiiH' arid h'pidine condense to 
the yellow 2- and 4-quinolinepvruvic acid esters {quinaUlineoxdlie. ester and 
lepuiweoxaUc ester), (CflH6N)CH:(dI(OH)CO()H, m.p. 181° and 195°, which 
ari' yellow in alkali but colorless in a.cid solution, proha,l)ly dia; to learrangement 
to the k(4,o form {WislicenuH, Ixlrisingrr, Ber. 42, 1140). 

2- Phenylquinoline, m.p. 84°, b.p. 268°, from anilijie and einnamaldehyde by 
heating with In^drochloric acid at 200°, is oxidized by KMn 04 to benzoylanthra- 
nilic acid. For the decomposition of its methyl iodide addition product to o-rneth- 
ylaminodibenzoylinet-haiie, see p. 231. 

3- Phenylq\iinoline, m.p. 52° {Friedldnder, Gohrdtg, Ber. 16, 1836). 

4- PhenyIqumoline, m.p. 61°, derived from its 2-earhoxylic acid, is closely 
reflated to several dc'composition products of the cinchona alkaloids (p. 351) 
(Koenigs, NeJ, Ber. 20, 622). Nitrophenylquinoline, N(bC'oH 4 C 9 HeN, m.p. 159°, 
from isodiazonitrobenzene and quinoline (Kuhling, B<ir. 29, 168). 4-Phenyl- 
quinaldine, A-phenyl-2~ineihylquinoline, m.]). 99°, is produc(^d by the condensa¬ 
tion of benzoylacetone with aniline (Beyer, Ber. 20, 1771); its phthalone, CaHsN- 
(C6H6)F‘H: (020206114), is oxidized by chromic ac.id to 4-phenylquinoline-2- 
carboxylic acid, which gives 4-phenyl(pnnolitio when decarboxylated. 2-Phenyl- 
4-methylqumoline, m.p. 65° (Johti, Mozic.zka, J.pr. Ill, 65), is obtained from 
havenol (see below) by distiliatJ(ni with zinc dust. Its p-.arnino d(Tivative, 
p-flavaniline, 2-(p-n7ninophenyl )-1 -methylquinoline, OfiH(,>J ((^Ts) (OflH 4 NH 2 ) 
(Fiseher, B(‘r. 19, 1638), whose yellow monoacid salts have been used iis dyes 
(Fischer, Rudolph, Ber. 15, 1599), nvsults from the condensation of o-aminoaco- 
toph(;norie with p-aniirioacet-op})enone. Nitrous acid converts flavaniline to fla- 
venol, 2-(p-hydroxyphe7iifl)-4:-methylquiru)line, CLH 5 (CIl 3 )(C 6 TT 40 H)N, For o- 
flavaniline, see Camps, Ber. 32, 3231. 

Vfirious isomeric biquinolines, ( 09 H 6 N) 2 , have been prepared by digestion of 
quinoline with sodium, by the action of copper-bronze on iodoq.uinolines, by 
passage of quinoline vapor through an incandescent tube, by appbeation of the 
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Skrauj) synthesis to Ix'n^iidine and otlior diaminobijdicnyls, and by the reaction 
of nuinoliiieac(*lald('hyd(‘ with o-arninoboiizaldfdiyde according to method ^ 
(n. 227) Her. 8, 121; Ziimncrmannf Mtiller, Bor. 17, 1965; Koenigs, 

Ncf, Ber. 20, 6.‘M; v. Niementowski, Seiftni, Ber. 38, 762; Kinhorn, Sherman, Ann. 
287, 88, and others). 

Diquinolylquinoline, CoH«N •GiiHf.N-CoTTflN, m.]). 151°, is obtained from 4- 
acetoac(‘.tvlquin()liru‘ (p. 241) with 2 molar proportions of o-aminobenzaldohyde 
{Weidd, Mo. 17, 401). 

2,2'-Diquinolylmethane, m.p. 102°, from 2-chlorociiiinoline and qninaldine at 
180 -200°, together \vith a little triqiiinolylmethane {Scheibe, Ber. 54, 786). 

Triquinolylmethane, CH(CflH 6 N) 2 , m.p. 202°, from pararosaniline by the 
Skraup reaction (Noeltmg, Schwartz, Ber. 24, 1606; Rhoussopoulos, Ber. 24, 
2267). 

The cyanine, isocyaninc and pseadoisocyanine dyes*^ mentioned on p. 231, are 
derivatives of 2,2'-, 4,4'- or 2,4'-diquinolylmethanes. They are formed by the 
action of alkali on a mixt ure of mdhylquinolinium iodides and alkyl-2- or 4-meihyl- 
mdnoliniiitn iodides. (Summary of tlje literature: Koriig, Treichel, J.pr. 102, 63.) 
ThCvSe dyes, called coll (actively quinocyardnes, have the following stnujtures 
(Scheihe, Ber. 54, 7S6; Konig, Ber. 55, 3293; Rosenhauer, Ber. 59, 2356): 



In the formation of these compounds, meihyUmed/ihydroqidnolines (quinolone 
methides) are known to be intermediate products {Rosenhauer, Ber. 59, 2356). 
The rnethine link joining the two hetero(\vclic rings can be lengthened by one or 
more vinyl groups. Tlu; dyes so obtained are called pinacyanols (joined in the 
2,2'-position) or dic.yanines (joined in the 4,4'-position), although the name 
Btrepto-mono(di, tri)-vinylcnc‘quinocyanines would be a more reasonable one 
{Konig, Ber. 55, 3309). 

The validity of the abov(^ formulas is most clearly demonstrabHl by the forma¬ 
tion of these dyes from 1-alkyl-2-methylquiuolinium iodide by the action of 
orthoformic acid ester in the presence of acetic anhydride or zinc chloride {Konig, 
Ber. 55, 3293); technically, formaldehyde, chloroform, bromoform, or iodoform 
is used (Ger. Pat. 172118, 1905, Frdl. VIII, 534; Ger. Pat. 175034, 1906, Frdl. 
VIII, 635; Ger. Pat. 200207, 1907, FrdL IX, 281; Fischer, J.pr. 98, 213): 



The immediate conversion of methylenedihydroquinolines to pinacyanols with 
iodoform or cliloroform indicates that they are intermediate products in the above 
reaction also {Rosenhauer, Ber. 59, 2357). 

H. Bvcherer, Lehrbuch der Farbenchemie (garner, Leipz^, 1921; H. E, 
Fierz-David: Kdnstliche organiache Farbstoffe (Springer, Berlin, 1926); Cain, 
Thorpe, Synthetic Dyestuffs (Griffin, London, 1933). 
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The structure of the dyes known as apocyariineSy which are obtained from 
alkylquinolinium iodides with alcoholic KOH, is not certain {Kau/manUf Striiben, 
Ber. 44, 690; Kdrdg, Ber. 55, 3294). 

Quinoline red (I) 



C«H5 


is produced b}" the condensation of quinaldine, quirioliiK^, and benzolriclil tride 
{Vongerichtfti, Hofmann^ Ber. 45, 3447) and also })y the action of benzylidene 
chloride on 2,2'-diquinoylmethan(^ (Scheibe, Bin*. 54, 786). 

A large number of these blue and red dy(;s, especially rlJii/l red, from 1 -alkyl- 
quinolininm iodide and l-alkyl- 2 -methyl(iuiiiolinium iodide, and the pinacyanols, 
are technic.ally important as seaisitizers for photographic plates. For individual 
members of these dyestuff groups, see the books on organic dyes cited on the 
preceding page. 

HALOGEN, SULFO, ARSENO AND NITRO DERIVATIVES OF THE 
QUINOLINES. Halogen, sulfo, and nitro derivatives c.ontaining th(‘ substituents 
in the btaizene ring are prepared by the methods customarily used for the intro- 
du( 5 tfon of such groups into benzene and naphthalene, or by synthesis from the 
C(»rrespondingly substituted benz(mes (p. 226). For the nitration of quinoline, see 
Kaufmarm, Hussey, Ber. 41, 1735. It is more difficult to introduce halogen, 
nitro and sulfo groups into the pyridine nucleus of quinoline. P?/-Chloroquino- 
lines are obtained from P 2 /-bydroxyquinolines with POI 5 . 3 -IIalogen derivatives 
are also formed by heating with sulfur chloride or bromide. As in the pyridine 
series, 2 -chloroquinolmes are produced from 1 -alkyl- 2 -quin()lones with phosphortis 
chlorides (Fischer, Ber. 32, 1297; 35, 3678). The halogen atoms in the 2- and 3- 
positions are displac(?d by OH, NHR, and the like with remarkable ease (cf, 
halogenopyridines, p. 206). 

2-Chloroquinoline, m.p. 38®, b.p. 267®, from carbostyril, 1-methyl-, or 1- 
ethylquinolone and PCI 5 (Friedlander, Ostermaier, Ber. 15, 333; Fischer, Ber. 
31, 611). 3-ChloroquinoUne, b.p. 255®, from quinoline and sulfur chloride, to¬ 
gether with the compound called thioquinanthren(‘, (C 9 Hi,N) 2 iS 2 , and trichloro- 
quinoline (Edinger, Ber. 29, 2456; Edinger, Ekeley, J.pr. 66, 209). 2-Bromo- 
quinoline, m.p. 49® (Claus, Follitz, J.pr. 41, 41). 3-Bromoquinoline, m.p. 13®, 
b.p, 276®, by the action of sulfur bromide on quiufjline or by heating qiiinolinium 
chloride with bromine (Claus, J.pr. 45, 222; Claus, Howitz, J.pr. 50, 232; 
Edinger, Ber. 29, 2459). 4-Chloroquinoline, m.p. 34°, from 4-quinolinol with 
PCh (p, 239), from 4-aminoquinoline by diazotization in hydrochloric’acid and 
from quinoline-N-oxide with sulfuryl chloride (Afeisenheimer, Ber. 59, 1852); 
4-iodoquinolme, iii.p. 100®, is similarly prepared from 4-aminoquinoline (Claus, 
Frobenius, J.pr. 56, 193). 4-Bromoquinoline, m.p. 30®, from 4-quinolinol with 
PBra (Claus, Howitz, J.pr. 50, 232; Claus, Frobenius, J.pr. 56, 192). 2-Iodo-l- 
methylquinolinium iodide, CgHelN-ICHa, m.p. 212°, from 2-chloroquinoline 
with methyl iodide (Roser, Ann. 282, 376). 6-Chloroquinoline, m.p. 40°, b.p. 
262® (740 mm.) (v, Braun, Grabowski, Rawicz, Ber. 46, 3171'). 6-Bromoqumo- 
Une , m .p. 24 ®, b .p. 284 °. 8-Chloro- and 8-bromoquinoline , V) ,p. 288 ® and 302 ® 
(Claus, Scholler, J.pr. 48, 141; Claus, Gunther, J.pr. 55, 104). 3-ChIoro-2- 
methyiquinoline, rn.p. 72®, from methylindole, chloroform, and sodium alcohol- 
ate (Reissert, Ber. 21, 1942). 2,3-Dichroroquinoline, m.p. 105®, from hydro- 
carbostyril with PCh. 2,3,4-Trichloroquinoline, C 9 H 4 C 13 N, m.p. 107°, from 
malonanilic acid with PCU (p. 229) (Rugheimer, Ber. 17, 737). 

QUINOLINESULFONIC ACIDS. The preferred points of entry of the sul¬ 
fonic acid group are the 8-pasition, then the 6- and the 5-. The 2- ana 4-quinoline- 
sulfonic acids are formed by o.xidation of the mercaptans (p. 240) or b}’^ the 
reaction of 2- and 4-halogcnoquinolines with alkali sulfites (Bestlioru, (hdssel- 
hrecht, Ber. 53, 1017). When heated to 300®, quinoline-8-sulfonic acid rearranges 
to the 6-sulfonic acid. 
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Quinolinesulfonic acids, colorkss necnlles, all meliinj^ over 270®. 

Arsenic acids and arseno derivatives of quinoline have been obtained from the 
correspond!rijy^ aniiTU) compounds {BivZy Rdth^ Ann. 453, 238). 

NITROQUINOLINES. Tlie same considcTalions hold for the introduction of 
th(‘, nitro fzinjup into quinoliju' and its d(;rivatives as for the introduction of the 
sulfonic acid ^roup. The preparation of 3-nitroquinolino frc>m o-arninobcnzalde- 
hyd(‘ a))d u.s~isoni1-roRonitroethane is an inten'stin^ variation of the Fricdldndcr 
quinoline synthcvsis (Ger. Pat. 335197, 1919, Frdl. XIII, 818). 

3-Nitroquinoline, m.p. 128'". 5-, b-, 7-, 8-Nitroquinoline, m.p. 72®, 148®, 

133 ®, and 89 ®. The lattia^ is obtained by nitration of quinoline. Energetic nitra¬ 
tion gives (linitro(piiiioli]K‘s. 

AMINOQUIISOLINES. Rz-Aminoquinolines are pn'pnn'd by reduction of th(‘ 
corr(‘sponding nitrotpiinolines. The 2- and 4-amiuo dtu-ivatives are obtained by 
lu'ating 2- and 4-cliloro- or bromo(|uinolines with ammonia or amiiu^s. The 
rrK'lhod used in t.lie [)yridine series for the direct introduction of tli(‘ amino group, 
heat ing wit h sodium amide; in xylene solut ion, can also b(‘ a])plied in the (juinolitu 
S(‘ri(vs (G(T. Pat. 374201, 1914, Erdl. XIV, 527; FscldUrhihahin., Witkowskn, 
Lap.^chiny Her. 58, 803). 2-Aminoquinolin(^s ar(‘ also fornu^d by synthesis from 
o-aminocinnamic acid nii/riles {PsekorVy Wolfe,Sy Ber. 32, 3399): 



011:011.ON 
NIf2 


/OH: Oil 

-> CJl/ I 

-CNlio 


X'II:C-CJl4 

Cf. the formation of (piinindoline, CcH4<^ 1 | , by ixaluction of u,o'- 

-NTT 

dinitro-a-cyanobibenzyl, NOiCfilEGHvCll(C-N )C6lliN02 (]>. 297). 

The 2- and 4-aminoquin()lines often react in the tautonna’ic form as iminodi- 
hydroquinolines. Tlie stat-ements mad(‘ on p. 197 eom'mming the tautouKM’ism of 
pyridiru^, especially in relation to 2- and 4-aminopyrifline, hold also for the 
(tuinoliiK' s(‘ri(‘s, {('If. Dicpoldcry Dvucrleiti.y J.]>r. 106, 01; and Ti^chiUchibabmy 

Ber. 54, 822). 

2-Aminoquinoline, m.p. 129.5®, from (juinolim^ with sodium amide [T^chii- 
HchihahWy SdzcpitMy J.Riiss.Phys.Ohem.Soc. 50 (1918), 5531, from cinnamic acid 
nitrile with sodium ethylate (see above), from 2-chloro(|uinoiine by laaiting with 
ammonia and ammonium carbonate at 200® (t.oget.la'r with earbost.yril) and from 
2-phenylhydraziiioquinoIine or hydraz-oquinoliue (si^e b(4ow) by reductive de¬ 
composition (ClauSy SchalUry J.pr. 56, 204; PschorVy Ber. 31, 1.297), is hydro¬ 
lyzed by c()nc('mtrated alkali i,o NIJ3 and carbostyril. Wlam tr(‘att‘d with nitrat¬ 
ing acids, 2-aminoquinoUiie yields 2-qumolylnitramide, m.]:>. 225° (dec.); this 
roarra-ngt'S at high(;r t,omperatures under the influence of concc'nt,rated sulfuric 
acid to O-nitro-2-aminoquinoline, m.p. 201° (Tt<chitsc/u'hahift, Witkowskyy Lap- 
schin, lier. 58, 803). 2-AmlinoquinoUne, (CttlEN)'NllCfillft, m.]). 98°, from 
2-cliloroquinoline and aniliiu* at 200°. 

2- Amino-3-phenylqumoline, m.p. 150° (corr.), is obtaim'd from «-phenyl-o- 
nitrocinnamic acid nitrile by reductioji, and by condensation of o-acetamido- 
benzaldehydt^ with benzyl cyanide. 

3- Aminoquinoline, dimorphous, rn.p. 84° and 94°, from 3-quiuolinecarboxylio 
acid amide with NaOBr (MUtSy lEafsoa, J. 97, 741). 3-Aminoqumaldine, m.p. 
100°, from Mk‘ oxime of 3-acetylquinaldiiie by a Beckmann rt^arrangernemt {Stark, 
Ber. 40, 3425). 3-Amino(|uinoliues liave also b(H;n iin'pared from aromatic o- 
amino akhihydes and N-ueetonyl~ or N-pheyLacylphthalimide by the Priedlander 
method {Berlingozzly Ojizz. 53, 309). 

4- AminoquinoUne (lHi.0), m.p. 70° (anhydrous, 154°), is forme'd from cin- 
choninic acid amide willi ])jomide and alkali ((.Vans, FroheniuSy J.pr. 56, 181). 

4-Aminoquinaldine, m.p. 270° {Connvly Limpachy Ber. 21, 1980). 4-Aniino-2- 
phenylqumoline, n).p. 108°, from the corn^sponding carboxylic acid azide by the 
Cvrtiua reaction {Jokriy Bin*. 59, 1447). 5-, 0-, and S-Aminoquinoline, m.p. 110°, 
b.p. 184° (10 mm.); m.p. 118°, b.p. 187° (11 ram.); m.p. 65°, b.p. 160° (20 
mm.) {Kanfmann, Zellery Ber. 50, 1627). 6-Methoxy-4-aminoquinolme, CoHaN- 
(OCH9)(NIl2), m.p, 120°, from quiiiinic acid amide with KOBr {Uirsch, Mo. 17, 
327). 
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HYDRAZINOQUINOLINES are obtained from 2 - and 4-chloroquinolirie by 
beaiinj? with hydrazine or phenylhydrazincs {Epimdm, iicr. 24, 2817; Marck- 
Iraki, Meyer, Bcr. 33, 1885). 2-HydrazitioqmnoUne, (C'uHoN)-Nil•NH 2 , in.p. 
185°, behavcH in some rea(;tions as a liydrazidiius with formic acid it {^ives 
6“-triazolo[4,3-a](iuinoliii(n naphtriazole (f), m.p. 175°, and witli nitrous acid, 
tetrazolo[a]quinoline, miphtetiazole (II), in.]). 157° (c/. p. 214): 


CILCIIC—Nv 

I I ’ 

C 6 H 4 -N—CH^ 


>N 


( 1 ) 

< - 


CILCHCrNNII. 
CdU -NH 


(U) 

-> 


I I >N 

CMa -N—N^ 


The tetrazoloiiuiiioline is converted quantitatively into tclrnzole by oxidation with 
KMn 04 {Marckwald, Meyer, Ber. 33, 1800). 

2-Hydrazinolepidine, [C9H5(4-C-n3)NM 12]NKNH 2 , m.p. 146°. 4-Hydrazino- 
quinaldine, m.p. 118°. 2,2'-Hydrazoquinoline, (CjleN^NH-NH^C’ dHgN), 
m.p. 229°, and 2,2'-hydrazolepidine, m.p. 205°, are formed to|<ether with the 
hydrazines when the 2-chloro(juinolines are heated with hydrazine hydrate; on 
oxidation they yield 2-azoquinoline and 2-azolepidine, m.p. 280° and 285°, and 
on reduction with zinc dust and hydrochloric acad they jjjive 2-aminoquinoline and 
2-aminol(q)idine. 2-Phenylhydrazinoquiiioline, (fJ 9 H 6 N)NHNnC 6 Hj„ m.p. 191°, 
oxidizes to phenylazoquinoline, m.p. 98° {Ephraim, Ber. 24, 2817). 

HYDROXYQUINOLINES, QUINOLINOLS. The hydroxyquinolines have 
the properties of both bases and phenols. 

Quinolines hydroxylati'd in the benzene nuciems, wduch are also called quino- 
phenols or hydroxybenzo(|uinolines, are pre})ared by th(i Dohner-Mtiler synthesis 
from aminophenols, by rearrangement of /:^ 2 -nitroquinolines, and by fusion of 
quinolinesulfonic acids with KOIl. Into the quinolinols so obtained further 
hydroxjd groups can bo introduced by fusion with KOH {Editiger, Btihler, Ber. 
42, 4816). 8-Quinolinol, C^HslOH): (CaHsN), m.p. 75°, b.p. 266°, from 8- 
(liiinolinesiilfonic acid (Fischer, Bin*. 16, 712). 6-Quinolinol, m.p. 194°, from 
xarithoquinic acud (p. 243) by di'carboxylation; its alkyl iodidi^ addition product 
yiidds stable (piinolinium hydroxides (<;/. p. 230), although the 4-alkoxyquinolines 
behave in this resp(ict like the other quinoline derivatives (Howitz, Bdrlocher, 
Ber. 36, 456; Decker, Engler, Ber, 36, 1 169). Loretin, a substitute for iodoform, 
is 7-iodo -8 -hydroxyquinoline-5-sulfonic acid, OoH(OH)l (SO 3 H): (CalljN) (Claus, 
Boivrnann, J.pr. 55, 457). 

Like the naplit-hols, the y^ 2 -(]uiiiolinols are converted to clilorinated quinones 
by treatment wdth chlorine in glacial acetic acid acixirding to tlu^ Ziucke method; 
these bidiave similarly to the naphthahaie derivative's, which form indenes, in 
their transformation to pyrindene derivatives, compounds containing condensed 
pyridine and indone rings. Thus, by a series of steps, 6-quinoliriol and chlorine 
yield dichloroquinolinetrione (I). When boiled wdt-h water this gives 3-chIoro-2- 
hydroxypyrindone (II), from winch by ring-lission (dichloroacetyl)picolinic acid 
(III) is obtained (Zincke, Ann. 290, 321): 

yco—co /C(on). /COCIICI2 

(I) C5H,n< I (II) yea (HI) CsiBNc; 

\CO~-CCl 2 ^COOH 


Pyrindene de^rivatives have also b(N>n synthesized from benzene derivatives. 
5,7-Dioxo-6,7-dihydro-1,5-pyrindene-6-carboxylic acid ester, 

/CO\ 

CaHaN/ >CHC02CIis 

\co/ 

from quinolinic acid ester wdth acetic ester and sodium (Bittner, Ber. 35, 1411). 

/COv 

6-Phenyl-2,5-pyrindene-5,7-dione, CaHaN^ ^CHCeHs, by rearrangement 

of benzylidonccinchomeronide, (ScO^CJIaN^iCHCeHs, the condensation 
product of cinchomeronic acid anhydride with phenyl acetic acid (Eels, Ber. 37, 
2137). 2,4-Diphenyl-6,7-dihydro-l,5-pyrindene, from the diketone, which is 
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formed by addition of eyelopentanono to honzylidenoaeetophenorie (chalcoue), 
by treatment with hydroxyl amine (Stohbet Volland, Ber. 35, .*3973): 

/CII2 • Cll • CH (CeliO ■ CH2 N H,OH /CII2 • ( 3 =C(CeH 5 )—CH 

(;Ht< I I -> cii< I II 

• CO cocdu ^cih • c - - n- ci\u, 

The quinoliiKis hydroxylated in the iiyiidine nucleus are weaker bases and 
phenolic acids than the /f 2 :-quinoiinols. As in the case of the pyridols (or pyri- 
(loiies, p. 209), it is uncertain whetlna’ tlu^ 2- and 4-quiriolinols have the li^alroxy 
or 0 x 0 foiin. Ktlaa’s of the two foians— c.g., carbostyril and [iseudocarbostyril— 
can b(‘ obtairu'd, and can be rearranged to one another (s(‘e below, and Tsduilschi- 
babiUj Jeletzky, Ber. 57, 115H): 

/Cn=-cn /CH=-CH 

CcHZ I and CeilZ I , 

\n=COR ^nr~co 

/C(OR):CII /CO—CH 

Cell/ I and CbHZ I) 

\N-—-CH ^NR—CH 


Besides the. ring-synt hetic inelbods (p. 220), 2- and 4-quinolinols are obtained, 
according to Campn (Z.physiol.Chein. 33, 400; Bit. 32, 3228), by digesting N- 
acetyl-o-aminoacetophenone with lye. N-Acetyl-o-aminoac(dophenone gives 
both 2- and 4-hydroxy derivatives: 


.CO'CH 


CeH/ 11 
^NH-CCH, 


/COCHa 

Cell/ 

^NHCOCH, 



C(CH,):CH 
Nil— io 


With appropriate starting materials, this synthesis can also be used for the 
preparation of hydroxyquinolinecarboxylic acids (see below). 

Hydroxyl groups are easily introduced into quinoline and its hornologues by 
heating them witfi barium or potassium h 3 nlroxide to the boiling point {Tsc.hit- 
schihabin, Ber. 5<5, 1879; Ger. Pat. 406208, 1922, Frdl. XIV, 515): 


f"f) . 

2-Qumolinol, carbostyril, m.p. the lactiine or lactam of 0 - 
aminocinnamic acid, is prepared by reduction of o-nitrocirmamic 
acid {Friedlander, Ostermaier, Ber. 14, 1916). It is also obtained 
from o-acetamidobenzaldehyde (I) with aqueous sodium hydroxide, 

yCHO CH, /COOII 

(I) CJl/ I Cell/ (II) 

^NII—CO \NH • CO • CO 2 H 


from 2-chloroquinoline by heating with water, and from quinoline 
by warming with calcium oxychloride solution {Roos, Ber. 21, 619) 
or by boiling with barium or potassium hydroxide (Tschitschibahiriy 
Ber. 56, 1879). Its salts with alkalis and acids are decomposed by 
water. Potassium permanganate oxidizes it to N-oxalylanthranilic 
acid (II), and Na and alcohol reduce it to tetrahydroquinoline. 

Carbostyril methyl ether, b.p. 247®, ethyl ether, b.p. 256°, are oils, produced by 
the action of alkyl iodides on the Na or Ag salt of carbostyril, from 2-chloroquiiio- 
line with sodium alcoholateis, and also from o-aminocinnamic acid esters with 
alcoholic zinc chloride. ^-MethyU^iXi-miinolorie, pseudocarbostyril methyl ether, 
m.p. 71 °, ethyl ether, m.p. 54°, are formed from alkyl iodides with free carbostyril, 
and also from methyl- and ethylquinolinium iodide with sodium hydroxide solu- 
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tion. and potassium ferricyanide (c/. p. 230). N-Methylquinolone is also pre¬ 
pared by heating ethoxy quinoline with methyl iodide (Knorr, Ber. 30, 930K 
With PaSft it gives 'N-methylthioqiiinolone, CfiHeSNCOHa), m,p. 118® (Gutbier, 
Ber. 33, 3358). 

5- Nitrocarbostyril, m.p. 168®, is obtained from nitrocoumarin with alcoholic 
NHs; for isomeric nitrocarbostyrils, see Decker ^ J.pr. 64, 85; Decker ^ Stavrolo- 
poidos, J.pr. 68, 100. 2,6-Quinolinediol, 6-hydroxycarbostyril, m.p. over 300°, 
by condensation of o-arnino-m-hydroxycinuamic acid, which results from the 
electrolytic reduction of o-nitrocinnamic acid. 

3- Quinolinol, {Bargellini, Settimj, Gazz. 53, 601), m.p. 108°, from diazotized 
3-aminoquinoline (Mills, Watson, J. 97, 741). 2-Methyl-3-quinolinol, 3-%- 
droxymiinaldine, has been prepared by the condensation of o-aminobeiizaldehyde 
and cnloroacetone in aqueous sodium hydroxide (Koenigs, Stockhausen, Bor. 35, 
2554). 

4- Methylcarbostyril, 4-methyl-2-hydroxyquinoIine, or 2-lepidone, CgHe- 
(CHa)ON, m.p. 223°, b.p. 270° (17 mrn.), from 4-methylquinoline by heating 
with caustic alkali (Tschitschihahin, Ber. 56, 1879; Oer. Pat. 406208, 1922, Frdl. 
XIV, 515) or from the anilide of acetoacetic ester (p. 228); its lactirne ether, 2- 
methoxy-4-methylquinolirie, b.p. 276°, from 2-chlorolepidine with NaOCJIa; 
its lactam ether, N-methyl-2(l)-lepidone, m.p. 131°, from acetoacetic ester and 
methylaniline (p. 229) or from ethoxylepidine by heating with methyl iodide 
(Knorr, Ber. 30, 931). 7-Amino-2(l)-lepidone, m.p. 270°, from w-phenylene- 
diamine and acetoacetic esh^r (Besthorn, Byvanck, Ber. 31, 798). 2,2'-Dihy¬ 
droxy-4,4'-dimethylbiquinoline or bilepidone, {CJT6(CHs)ONj 2 , from benzidine 
and acetoacetic ester (Ueidrich, Mo. 19, 690). 

4-Quinolinol, kynurine, CgHrONCH- 3 H 2 O), m.p. 201 °, is prepared by heat¬ 
ing kynurenic acid (p, 242) and by oxidation of cinchonine or cinchoninic acid 
(Skraup, Mo. 10, 726). It is also synthesized from N-forrnyl-o-aminoaceto- 
phenone by the methods given on p. 227 (Camps, Z.physiol.Chem. 33, 402). 
With PCU it gives 4-chloroquinoline (p. 235), from which 4-rnethoxyejuinoline, 
m.p, 31°, b.p. 245°, is obtained with sodium methylate. The latter, which is 
also formed from 4-quinolinol with diazomethane, rearranges when heated to 300- 
310° to N-raethyl-4(l)-quinolone, m.p. 143° (Meyer, Mo. 27, 255). 

2-Methyl-4-quinoUnol, 4-hydroxyquinaldine, 4(l)-quinaldone, CgH6(CHa)ON 
(+21120), m.p. 231°, from acetoacetic ester anil (p. 229), also forms two iso¬ 
meric ethers; 4-methoxyquinaldine, b.p. 298°, and N-methylquinaldone, m.p. 
175° (Conrad, Eckhardt, Ber. 22, 78). With methyl iodide both ethers give the 
same quinolinium salt: 

/C(OCH,)-=CH 

\N(ICH,)=:CCH, 

which yields N-methyl(iuinaldone when treated wit h alkali (Knorr, Ber. 30, 922); 
cj. the similar behavior of the antipyrines, pyridones, etc., pp. 106, 209). 

Both isomers, quinaldone and lepidone, are produced from o-acetamidoacoto- 
phenone with aqueous sodium hydroxide according to the reaction formulated on 
p. 227. 

6- Quinolinol, m.p. 195° [Scheunemann, Arch.exptl.Path.Pharm. 100 (1924), 
51]. 8-Quinolinol, m.p. 95° (Brit. Pat. 198402, 1922). The ability of 8-quino- 
linol to form very sparingly soluble complex salts with most metal salts is used 
for its detection and separation [Berg, J.pr. 115, 178; Z.anal.Chem. 70 (1927), 
341). 

Two alkaloids of the angostura bark, galipine and cusparine (p. 350), are de¬ 
rivatives of 4-quinolmol (Spdth, Z.angew.Chem. 1928, 1259; Mo. 42, 89). 

4,6-Quinolinediol, is prepared by saponification of 6-methoxy-4-quinolinol, 
which is obtained from G-methoxy-4-aminoqumoline with nitrous acid (Hirsch, 
Mo. 17, 327). 

2.3- Quinolinediol, m.p. 258°, from N-oxaiyi-o-toluidine by fusion with sodium 
alcoholate (Madelung, Ber. 45, 3524) or by enlarging the indole ring in isatin by 
the action of diazomethane in ethereal solution (tidier, Ber. 59, 704). 

2.4- Quinolinediol, 4-hydroxycarbostyril, sublimable, is formed from 4-bromo- 
carbostyril with KOH, from o-aminophenylpropiolic acid by warming with sulfuric 
acid from anthranilic acid ester by condensation with acetic ester or malonic 
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ester and sodium {Erdmann, Btir. 32, 3570) and from o-acetylanthranilic acid 
ester with sodium [Camps, Arch.Pharm. 237 (1900), 659; Ger. Pat. 117167, 
1900). It also results from carbovStyrii by energetic treatment with caustic 
potash (Ger. Pat. 406208, 1922). It couples with diazo compounds to give azo 
dyes (Ger. Pat. 165327, 1904). 

METHYLENEDIHYDROQUINOLINES or quinolone methides are very 
reactive. They correspond to the methylcnedihydropyridines or pyridone rneth- 
ides and are prepared similarly from l-alkyl-2- and 4-methylquinolinium iodides 
or sulfates by the action of alkali. The simplest members of this group are 
shown in the following equations (liosenhauer, Ber. 59, 946): 



These very reactive methylene compounds occur as intermediate products in 
the formation of cyanine and pinaeyanole dyes (p. 234). 

1 -Methyl-2-methylene-l,2-dihydroquinoline, l-methyl-2-quinolone methide, 
bright yellow, m.p. 72°. Analogous bases from 1,2,4-trimethyl- and 1,2,4,6- 
tetramethylquinoliniurn iodide, bright yellow, m.p. 60° and 45°. Reduction of 
its 3-nitroso derivative gives 2,3,4-quinolinetriol, which is oxidized by ferric 
chloride to quinisatinic acid and quinisatin or quinolinetrione {Baeyer, Homolka, 
Ber. 17, 985). 

AMINOQUINOLINOLS. 2-Amino-4-quinolinol, m.p. 304° (not sharp), by 
isomerization of a-cyano-o-amiijoacetophenono {Gabriel, Ber. 51, 1500). 

Plasmochin is 8-(or-metiiyl~6-diethylanunobuty 1)-6-nielJioxyquinoline {Zernik, 
Pharm.Zc‘ntralhall(' 68, 70). It has a specific action against malaria parasiOiS, 
especially against the s(\\ual forms, the gamet-es, which are only slightly alTe(d-(id 
by quinirnn It is usually us(Hi in combination with (juinine as plasmochin com- 
positurn {Horlein, Naturwiss. 14 (1926), 1154; Muhlens, ibid., 1162]. 

Mercaptoquinolines are usually obtained from the reaction of the corresponding 
cliloroquinolincs with thiourea {Rosenhauer, Hoffmann, Heuser, Ber. 62, 2730). 

2-Quinolinethiol, yellow, m.p. 175°, and 6-methyl-2-quinolinethiol, m.p. 
210°, from 2-chlor<Kiuinoline and 2-chlorotoluquinoline with KSH {Fischer, Ber. 
32, 1305) or thiourea {Rosenhauer, Hoffmann, Heuser, Ber. 62, 2730). 

2-Phenyl-4-quinolinethiol, m.p. 176°, from the corresponding chloroquinoline 
{John, J.pr. 119, 49). 

QUINOLINECARBOXALDEHYDES AND QUINOLINE KETONES. 8- 
QninoUnecarboxaldehyde, CHO*C 6 H 3 (C 8 H 8 N), m.p. 95°, see Howitz, Schwenk, 
Ber, 38, 1280. 2-Quinolinecarboxaldehyde, m.p. 71°, is obtained from 2- 
quinolineacrylic acid (p. 233) with KMn 04 ; its oxime, m.p. 189°, from o-amino- 
benzaldehyde with isonitrosoacetonc according to method 2 (p. 226; Pfitzinger 
J.pr. 66, 264). For the preparation of diphenyl-2-quinolylmethane dyes, see 
Dey, Dull, J.IndianChem.Soc. 5 (1929), 535. 

-Quinoline ketones are prepared according to method 2, p. 226, from o- 
aminoben/aldehyde with la-diketones. 4-Quinoline ketones have also been ob- 
taimnl from cinchoninic acid esters with Grignard reagents or from the condensa¬ 
tion product of acetoacetic ester with acetic ester by ketone fission {Rabe, Paster¬ 
nack, Kindler, Ber. 50, 144), 3-Acetylquinaldine, C'qHsN (CH8)(COCH8), m.p, 
57.5° {Eliasberg, Friedldnder, Ber. 25, 1756). 3-Benzoylquinaldine, CsHs- 
(CHa)(COCJIs), m.p. 02° {Stark, Ber. 42, 715). 3-Acetyfcarbostyril, CgHeN- 
(C0CH|)0, m.p. 232°, from o-aminobcnzaldehyde and acetoacetic ester {Fried- 
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IdndeTf Gohring^ Ber. 16, 1838). 2-Ben2oylquinoline, (C 9 H 6 N)COC 6 H{„ m.p. 
111°, from quinaldic acid chloride with CeH® and AlCh {Tiedhorn, Ber. 41, 2001). 
4-Acetoacetylquinoline, C 9 H 6 N(COCH 2 COCH 3 ), m.p. (55°, b.p. 206° (17 mm.), 
from cinchoniiiic acid ester (see below), acetone and sodium ethylate, condenses 
with phenylhydrazine to phcvylquirudybmihylpi/razolc, rn.p. 120°, and with 2 
mols of o-aminobenzaldehyde to (llqninolylqidn-oliuc, (p. 234). 4-Quinoline pyrryl 
ketone {Karrer^ Ber. 50, 1499). 

QUINOLINECARBOXYLIC ACIDS. The quinolinecarboxylic acids behave 
like aminocarboxylic acids. Those substituted in the bc'nzene ring are synthe¬ 
sized from the aminobenzoic acids {NirmnUcywskif Orzcchow.ski, ]5er. 28, 2809); 
they are also prep.ared by oxidation of />z-alkylquiriolLues with chromic acid <)r 
by hydrolysis of their nitrikis, wiiich are readily obtained by distillation of the 
corresponding sulfonic acids with KCN. The /^/y-quinolinecarboxylic acids are 
formed by oxidation of /V-^''ikylquinolines with chromic acid mixture; alkyl 
groups in the 4-position a,re oxidizd most readily, those in the 3-position less 
rejxdily, and thos(^ in the 2-position with th(i most difficulty (c. Miller^ Ber. 23, 
2254) (p. 230). Methyl groups in the 2-posi1 ion can b(^ naidtued easier to oxidize 
by pniiminary condensation with formaldehyde (p. 232). Numerous /"/y-quino- 
linecarboxylic acids have been obtained by ring-syntliesis according to the 
Skranp or Ddhner-Miller methods (see p. 227). When luaited, th(^ carboxylic 
acids lose CO 2 , and yield the corresponding quinolines. Those cont.aining a car¬ 
boxyl group in the 2-position are colored red-yellow by ferric suifjit(‘. 

8-Quinolinecarboxylic acid (for the numbering, S(‘e the formula, p. 226), 
m.p. 187°; 7-acid, m.p. 248°; 6-acid, m.p. 291 °; and 5-acid, m.p. 366° (Lr//- 
mann, Alt, Ann. 237, 325; Skraap, Jirunner, Mo. 7, 139; Forlclli, Atti accad. 
Lincei 1886, 523; n. Jaknhov^ski, Bor. 43, 3026). 

QUINALDIC ACID, 2-quinolinecarboxylic acid ( f 2 H 2 O), m.p. 156° (dec.), 
methyl ester m.p. 86°, from quinaldine or, more advantagcanisly, from the 
condensation product of quinaldine willi formakkdiyde (p. 232) (Jiedhorn, Ilnie, 
Ber. 39, 2329), is converted by hc'ating with acetic or benzoic anhydridt^ with loss 
of C02> into a red dy(i, very sensitive t-o light {BeMhorri, Thcle, Ber. 38, 2127). 
Quinaldic acid chloride, m.p. 97° {Hcdhorn, Ihele, }5er. 39, 2330). 

3-Quinolinecarboxylic acid, rn.p. 273°, is obtained from acridini(t acid (see 
below) {Doehncr, v. Miller, Ber. 18, 1640). 

CINCHONINIC ACID, 4-quinolinecarboxylic acid, crystallizing with 1 or 2 
mols H 2 O, m.p. 254°, was first obtained by oxidation of cinchonine with KMn 04 
or HNO 3 ; it has been synthesized by c.ondensation of isatinic acid, acetakloxinie, 
and aqueous sodium hydroxide {I\filzingcr, J.pr. 66, 263). Chloride, m.^). 68° 
(Spdth, Spitzer, Ber. 59, 1477); anhydride, m.p. 245°; amide, m.p. 177° {Mvyer, 
Rec. 44, 323). Its nitrik', m.p. 95°, is prepanxl from N-nKithyldiliydrocincln>ninic 
acid nitrile, the n^action product of methykpjinolinium iodid(i with ls.(’N (p. 
231), by oxidation with alcoholic iodiiu; solution and diicomposition of tlu' n'suit- 
ing methyl iodide addition product of (inchoninic acid nitrile by iK^af {Ka.ufrnanv, 
Widmer, Ber. 44, 2058; Kaiifmatm, Ber. 51, 119), The acid is readily converted 
to quinoline. It is oxidiz(‘d by KMn 04 to 2,3,4-y)yridin(4-ricarboxy]ic acid. With 
nitric acid-sulfuric acid it is nitrat,ed to b-nitrocinchoninic acid, which is reduced 
with ammonium sulfide to 5-aminocinchoninic acid. This acid readily yields an 
anhydride (analogous to pcrf-naphthostyril, Vol. Ill, p. 635), m.p. 255° (Koenigi^, 

/NH 

Lossotc, Ber. 32, 717): | . 

\co 

Alkylcinchoninic acids result from the condensation of aldehydes with pjTuvic 
acid and anilines {Dohiicr, Ann. 249, 98; Ddhner, FeUhack, Ann. 281, 1; Jiarsche, 

yCOCOOE 

Ber. 42, 4072) (p. 228), and also from isatic acid, C 6 H 4 <f , according to 

method 2 (p. 226) {Pfiizingcr, J.pr. 56, 28.3; Engelhard, J.pr. 57, 167; Pfitzipger, 
J.pr. 66, 263). Benzocinchoninic acids are similarly forna^d from pyruvic a(;id, 
aldehydes, and 2-naphthylainine in (*ther solution. Ih^cause of the rapidity of the 
reaction it may be used for th(‘ interception of })yruvi(^ acad as an intermediate 
product in the fermentat ion of sugar [Cognn, Z.angevv.Claun. 39 (1926), 951]. 

2-Methylcmchoninic acid, aniluvitoninic acid (+ II 2 O), m.j). 242°, is also 
obtained from pyruvic acid and aniline {Beyer, Ber. 20, 1769) (c/. p. 228) and 
from isatinic acid with acetone. 2-Pheiiylcinchoninic acid, m.p. 209°, from ani- 
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line, benzaldehyde, and pyruvic acid or isatinic acid and acetophenone, is used 
under the name cinchophen (atoj)han) as an antineuralgic agent and gout remedy. 
According to v. Braun {v. Braun, Brauns, Ber. 60, 1253), the pharmacological 
action is related to the 3- or 4-position of the carboxyl group. Cf. the investiga¬ 
tions on tetrophan (v. Braun, Ann. 451, 1). Chloride, m.p. 81-82° [Rojc^n, 
Schaltcn, Arch.Pharm. 264 (1926), 348]. Heating with soda lime gives 2-phenyl- 
quinoline {John, Ber. 59, 2709). For hydrogenation products of cinchophen, see 
Sk'ita, Wulff, Ber. 59, 2683. Novatophan, ethyl ester of cinchophen. Arcanol, 
cinchophen + aspirin. 3-Methyl- and 3-phenylcinchoninic acid, m.p. 254° and 
273°, from isatinic acid with propionaldoxime and phenylacetaldoxime, respec¬ 
tively {Hiibner, Ber. 39, 982; Ornstein, Ber. 40, 1088). 2,3-Diphenyl- and 2,3- 
dimethylcinchoninic acid, m.p. 295° and 316° (dec.) {Pfitzinger, J.pr. 56, 283). 

Quinaldine-3-carboxylic acid, 2~m.ethylquinoline-3-carboxylic acid, m.p. 234° 
(dec.), is prepared from o-aminobenzaldehyde and acetoacetic ester {cf. p. 226) 
{CLaus, Momherger, J.pr. 56, 373). 

Lepidine-2-carbo^lic acid, A-mcthylqa.inoline-2-carhoxylic acid, m.p. 153-154°, 
from 4-m(^thyl-2-fiuinolin€)ellianol (p. 232) by oxidation and loss of CO 2 {Koenigs, 
MengH, Ber. 37, 1322). 

ACRIDINIC ACID, 2,3-quinolinedicarboxylic acid, crystallizing with 1 or 2 
H 2 O, dec. 120-130°, is the product of the oxidation of acridine with KMn 04 , as 

2,3-pyridin(3dicarbox.ylic acid is the product from quinoline. Diethyl ester, m.p. 
55°, Irom o-aminobenzaldehyde and oxaloacetic ester {Koller, Strang, Mo. 50, 
48; Hozer, v. Niemento^oski, J.pr. 116, 43). Anhydride, m.p. 223°. 

2.4- Quinolinedicarboxylic acid, m.p. 240° (dec.), is prepared from 2-styryl- 
cinchonini<; a(;id {Doe.bner, Peters, Ber. 22, 3009) by oxidation with KMn 04 and 
from isatic acid witli ])yruvic acid (Pfitzinger, J.pr. 56, 308). 

3.4- Quinaldinedicarboxylic acid, C 9 H 4 (CH 3 )N(COOH) 2 , from isatic acid and 
a(H3toacetic ester; 2-phenyl-3,4-quinolinedicarboxylic acid,C 9 H 4 (CoH 6 )N (COOH)^, 
from isatic acid with benzoyJacetic ester; 3-carboxymethylquinaldine-4-carboiylic 
acid, C«H 4 (CIT 3 )N(CH 2 C 00 H)(C 00 H), from isatic acid with levulinic acid, etc. 
(Engelhard, J.pr. 57, 467). 

HYDROXYQUINOLINECARBOXYLIC ACIDS. 2-Hydroxyquinoline-3-car¬ 
boxylic acid, m.p. over 320° (dec.), from o-aminobenzaldehyde and malonic acid 
(p. 226). 2-Hydroxycinchoninic acid, m.p. 343° (Aeschlinmytn, J. 1926, 2902), 
is obtained by fusion of cinchoninic acid with KOH (c/. hydroxy quinolinic acid, 
p. 217), by inner condensation of N-acetylisatic acid (I) and from isatin and 
malonic acid under various reaction conditions (Aeschlimann, J. 1926, 2902). 
The silver salts of both acids decompose, when heated, into CO 2 and carbo- 
styril. The local anesthetic percaine is a derivative of 2-hydroxyquinoline-4- 
carboxylic acid (II) (Mayer, Chem.Z. 1930, Fortschrittsber. p. 4). 


(I) 


C6ll4<^ 


cocoon 

NHCOCH, 


CO • Nil • CIT 2 • CH, • N (Calls), 





(II) 


Kynurenic acid, 4-hydroxyquinoline-2-carboxylic acid (4* H 2 O), m.p. 289° 
(Homer, J.Biol.CJiem. 17, 509; Besihorn, Ber. 54, 1330; Spdth, Mo. 42, 89). 
occurs in the urine of dogs after th(j ingestion of meat. It is also formed by tJu^ 
rearrangement of the primary disintegration product of albumen, tryptophan (p. 
67) (reaction mechanism: Kllinger, Matsuoka, Z.physiol.Chem. 109, 259; Mat- 
suoka, Takemura, Yoshimatsu, ibid., 143, 199). It has been synthesized from N- 
()xalyl-o-aminoac<4ophenone by boiling with aqueous sodium hydroxide (Camps, 
Z. physiol. Chem. 33, 404). Methyl ester, m.p. 224°. It is converted by catalytic 
hydrogenation over 4-chloroquinoline-2-carboxylic acid to 2-quinolinecarboxylic 
acid. When fused with alkali it decomposes to CO 2 and kynurine, 4-quinolinol 
(p. 239) ; on oxidation it yields kynuric acid or oxalylanthranilic acid. For the 
^nthesis of several methyl homologues of kynurenic acid, see Robson, Biochem. 
J. ?2, (1928), 1157. 11 is remarkable that 8-methylkynurenic acid is metabolized 
in the body {Robson, Biochem. J. 22 (1028), 1165]. 4-Hydroxyquinoline-3-car¬ 
boxylic acid is prepared from o-forraamidophenylpropiolic acid ester by boiling 
with aqueous sodium hydroxide. 
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Xanthoquinic acid, 6-hydroxyquinoline-4-carbo^lic acid (4- H 2 O), m,p, 
320° (dec.), is obtained from 6-Bulfocinchoniriic acid by lusion with alkali. Its 
6-methyl ether is called quininic acid, C 9 H 6 (OCH 8 )(COOH)N, m.p. 280°, and is 
formed from quinine and quinidiiie by oxidation with chromic acrid mixtu?’e. It 
has been synthesized by the Dohner-Miller re^dciion from p-ariisidine, pyruvic acid, 
and formaldehyde (Pictcty MisneVy Her. 45, 1800). 

4-Hydroxyquinoline -3 -carboxylic acid, C 9 Hft(('JT 3 )ON{C'OOU), m.p. 245° 
(dec.), is produced by the condensation of anthraiiilic acid with acctoaceticr ester 
{v. Niementmoshiy Bi^r. 27,1396). 

2-Hydroxyquinoline -4 -acetic acid, ((MT60N)CH2W0H, m.p. 206° (dec.), is 
obtained by the condensation of /S-ketoglutaric acid dianilide by mt'ans <.)f sulfuric 
acid. B2-Amino-2-hydroxyquinoline-4-acetic acid is similarly prepared {Besthorn, 
(7ar5ca, Ber.33, 3439). 

DIHYDROXYQUINOLINECARBOXYLIC ACIDS. 2,4-Dihydroxyquinoline- 
3-carboxylic acid methyl ester, m.p. 204°, from antliranilic acid, malonic ester 
and sodium ethylate at 150 ° {Kollery Ber. 60,1108). The fr(‘.e acid is immediately 
decarboxylated to 2,4-quinolinediol. 


Hydroqumolines 


1.2- Dihydroquin()lin(rs or A'^'-dihydrofiuinolines hmv. been obtained up to the 
pn^sent time only in bimolecular or polymolecuhir form, by the reduction of 
quinolines with zinc dust and hydnjchloric acid, together with tetrahydrociuino- 
lines {Hellery Ber. 44, 2106), and by electrolytic reduction. In this form they 
cannot be reduced to tetrahydroquinolines, but they are readily oxidized back to 
the corresponding quinolines with CrOa, HgO, and the like. Dihydroquinaldine, 
dimeric form [Cen 8 N(CH 3 )] 2 , m.p. 178°. 8-Methyl-l,2-dihydroquinoline, m.p. 
144°. 2,8-Dimethyl-l,2-dihydroquinoline, m.p. 237°. 

1.2- Dialkyl- and l,2,2-trialkyl-1,2-dihydroquinolincs are formed by the action 
of alkylmagnesium halides on 1-alkylquinolinium iodid(‘s (p. 231). They are 
monomolecular and are reduced by tin and hydrochloric acid to tetrahydroquino¬ 
lines (Freuvdy Kesslrry J.pr. 98, 233). 1,2-Dimethyl- mid 1 -methyl-2-ethyl -1,2- 
dihydroquinoline , b.p. 258° and 266°. 1-Methyl-2-phenyl-l,2-dihydro(juinoline, 
m.p. 90° {Mcucnhaltnery StotZy Bauer, Ber. 58, 2320), is oxidized by lvMn 04 to 
l-methylbenzoylantliranilic^ acid. 1 ,2,2-Trimethyl-2-phenyl-l,2-dihydroquino- 
line, b.p. 274°. Dihydroquiiioliiies presumably occur as intermediate prcxlucts in 
the Dobner-Miller synthesis for quinolines (p. 227), but because of their instability 
cannot generally bo isolated. When th(‘ reaction mixture from the condensation 
of aniline and pyruvic acid is treated with formaldehyde, derivatives of 2-methyl- 

1,2-dihydrocinchoninic acid, the hydroglauconic acids, with the probable struc¬ 
ture : 


C^n Cell,/ 


.C(COOH):CH 

I 

NH-(dKCHa) 


arc formed. In alkaline solution they are oxidized by the air to glauconic acida, 
blue mordant dyes, which are somewhat similar in structure I 0 tlie triphonyl- 
metharie dyes (Vol. TIT, p. 525) {cf, Doehner, Ber. 31, 686; 33, 677). 

For .B2-hydroxy-2,3,3-trimethyl-1,2-dihydroquinoline, 


CeTLCOHX;^* 


C(CH3)2-CH2 


N= 


-CCH 3 


from w-aminophenol and mesityl oxide, see v. Pcdmianriy SrhwarZy Ber. 32, 
3701. 

The N-alkyl ethers of the quinolinols (p. 238) are derivatives of oxotHhydro- 
quinolines or quinolonea. The quinoloiie metliides are rnothylenedihydroquinolincs. 

TETRAHYDROQUINOLINES. When quinoline derivatives are 
reduced with tir^ and hydrochloric acid, sodium and alcohol, 
3% sodium amalgam {Ciusa, BaraUiniy Gazz. 56, 131) or hydrogen 
and nickel at 160-180° {v, Braun, Ber. 55, 3779), 1,2,3,4-tetrahydro- 
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quinolines are produced. When quinolines alk^dated in the pyridine 
nucleus are n‘du(aHl; 5,(),7,8-tetrahydroquinolines in varying amounts 
are also formed. This is an indication that the point of hydrogen 
addition is deUaniiiied by llie constitution of the substance hydro¬ 
genated (v. Bramij Ann. 478, 176). 

Keduct ion changes the chcanical nature of the quinoline; derivatives 
materially. The lelrahydroquinolrnrs behave like secondary aliphatic- 
aromatic amhtes. With nit.rous acid they form N-nitrosoa,mines, 
whidi rearrange; readily to 6-nitrosotetrahydroquinolines; with 
bcnz(‘nediazonium salts they giva; diazoamino coni[)ounds, which 
yi(‘ld 6-azo d(;rivatives l)y rearrangcanent, (;tc. This change in the 
character of quinoline is similar to that of the indoles on conversion 
to dihydr()indo](;s (]). 71). 

Tetrahydroriuinolines are oxidized to quinolines by chromic; acid, 
silver acetate, mercuric; nitrate, or iodine [Tafel, Ber. 27,824; Schmidt^ 
Arch. Pharm. 237 (1900), 561]. 


Ah in Oh* (^hs(^ of pijHaidino (p. 220), Iho pipj'ridiiie rinp: of totr.'ihydroquiTioline 
is operK‘d by tn;atriierit of tho N-beiizoyl derivative* with PtMr,, or of tlu* N-alkyl 
derivatives widi cyanogen bromide, derivatives of o-propylaiiiline being formed 
{v. Braun, Her. 37, 2021; 42, 2210): 




cib- 


-CIL 


N(co(yi5)- 
/CH 2 oil. 
Cell/ 1 
^N(R)CTl2 




< 


Clb-CIb-CHAI 

N:C(C1)C6H5 

Clb-CIh-fdbBr 


CIcIl/ 

^N(R)CN 


The Uojmanu dtujornposition nviclioii, however, does not apply to the tetra- 
hydrocpiinolineH('y. Braun, Her. 42, 25d3). For the cleavage of the tetrahydro- 
qiiinoline ring by redued-ion of th(^ qiiat-ernary ammonium salts, sec; v. Braun, Ber 
55, 3803. 

1.2.3.4- TetrahydroquinoUne, CallnN, b.p. 244°, a. rniuid at ordinary tempera¬ 
tures, is producc'd by inlermoieular alkylation of 2 -( 7 -chloropropyl)aniline, Nih¬ 
il] C 6 H 4 f 2 JCll 2 (vH./CHi>Cl {v. Braun, Bteindorff, Ber. 38, 583), and by reduction 
of quinoline and 2- and 4-chloroquinoline with Fe and hydrochloric acid and of 
carbostyril with sodium and alcohol (Bamberger, Lvngjeld, Ber. 23, 1142). It is 
readily d(*hydrogenated to quinoline witli nitrobenzene, iodine, mercuric acetate, 
or nadallie nickel. Further hydrogenation yiehls hexahydro- and docah>dro- 
quinolim; (see below). With nitrous acid it forms a nitroso derivative, which re¬ 
arranges readily to ()-ni<-rosoietrahydroquinoline, m.p. 124° (Hofma/nn, Konigs, 
B(;r. 16, 732). With benzoyl chloride it gives l-benzoyitetrahydroquinoline, m.p, 
75°, and with metliyl iodide, 1-methyltetrahydroquinoline, kairoline, CuHioN-- 
CHa, b.p. 245°, which, like kairine, the hydrochloride of J-methyl-1,2,3,4- 
tetrahydroqiiinolinol-2, CoH 9 (OH)N-CHa, m.p. 114°, and thalline, the sulfate of 
{)-methoxytetrahydroquinoline, C 9 H 9 (OOH 3 )NH, m.p. 42°, b.p. 283°, acts as a 
febrifuge. The N-oxide of kairoline has been resolved into optically active com¬ 
ponents (McLsenhei/mer, Ann. 385, 134; cf. Vol. I, p. 2(18). 

] ,2,3,4-Tetra}iydr(>(iaiiioline is converted by oxidation with KMn 04 in acetone 
solution to 1,1',2,2',3,3',4,4'-octahydro-l,l'-biquinolirie, m.p. 142°; this 
undergoes a benzidine rearrangement when its ethereal solution is shak(;n with 
aqueous hydrochloric acid, forming octahydro-6,6'-biquinoline, m.p. 129° 
(Wicland, Ber, 53, 1336). 

1.2.3.4- Tetrahydrotoluquinoline, CHaCeHa: (C3H7N), b.p. 257°, is prepared by 
boiling toluidine with l-bromo-3-chloropropane (Bamberger, Wulz, Ber. 24, 
2061; Finkus, Ber. 25, 2805): 


CIIaCfilbNIb T 


BrCIIs—CH 2 
ClCHs 


CIl3C,Hs<(^ 


CH 2 —CH, 

NH—in, 
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Nitroso derivative, m.p. 51"; benzenediazo-compourKl, Jii.p. 90®, 

yCfh- CH, 

1,2,3,4-Tetrahydroquinaldine, C-6n,<; | , b.p, 247®, is also formed 

^Nll- -ClKUr, 

.XO. 

by the reduction of /S-o-iiitroben/ylacetoiie, CcTTY (Jarktioftf 

VlhOILCOCH;, 

tier. 14, (SOO). It contains an asymm(‘tric, CMvboii atom and has been resolved into 
two (optically adive components by rmains of its bitartrat.<‘ and broinoe.araphor- 
sulfonate {Ladnthurgj Uerrmmut^ 41, 9f>0; Pope, Redd, J. 97, 2.109). 

Several tetrahydroquinoliniurn bases with two dillerent radicals, such as 1- 
allyl-l-me(,hyl-l, 2 , 3 ,I-tetrah 3 airo(piinf)liniiim hydroxide, (JoHuiX(OH 3 ) (( blh)- 
011, and its iodide, have betai separatcnl into optinilh/ oetive mfrogen compounds 
by means of the d-campliorsnlfonales or d-'l)i-oino{;ampliorsulforiat(‘S (Wedekind, 
lier. 38, 1840; Wedekind, Wrdekitul , lier. 40, 4450; We.del:ihd , MaPer, Her. 61, 
1364). IIow(wer, all attcanpts to resolve l-me{hyl-l ,2,3,4-1(‘i raiiydrixpiinoline 
(kairoline), and th(T<4)v obtain an optically active compound of trivalent iutr(>p;(in, 
liave failed (MeUi nkeiirier, A tigerttnnin, Finn, Viioeeg, Ber. 57, 1744). 

5,6,7,8-Tetrahydroq^uinoline, b.]). 222®, picrahs m.p. 157®, j)lati[ium double 
salt^ m.p. 210®, was first preiiannl liy oxidation of the pressure-liydrogeuat.ion 
product of cinchoniru' over th(^ ,H-tetr<thndroeioicfioniru'c arid 242®). 

It has lieen synthesized in small yi(4d from 2-hydro\ym(4hylenecycloh<‘xanone 
and a-cyanf)acetamid(‘ hy a seric's of naictlons (/». Hrann, L('mke, Ann. 478, 181). 
For other rinfi;-syn1hes(‘s, se^' Ftohhc, Bin*. 35, .3978. Ih'diiction with sodium and 
alcohol (convert,s th(* 5,6,7,<S-t,et,rahy<lro(|uinolirj(\s to d(‘c/ihy<lr(M|uinolines. 

The ^-lact.ams of o-aminophcnyl fatty' acids are 0 x 0 den rati ef's of 1,2,.3,4-i,('tra- 
hydroquinoline, c.g., hydrocarbostyril, e-aminoph(mylpro[)io)uc ,'u;id hu'tam. In 
accordaiKie with tins niat ionshi]), hydrocarboslyrils an' easily obi aim'd fiom siry- 
lides of the technically producc'd /^-chlorojiropionic acid b}' the ticlion of AKds 
(Meyer, van Zutpfien, Philipps, Ber. 60, 85S): 



Hydrocarbost-yril is also pn'pared by I.Ih^ Uerkniann n'arran^enKnit of l-in- 
danone oximen 

The hydrocarhostyrils decomjKxse when heaUd with Ba.(OH )2 id 150® into o~ 
aminophenylpropionic acids (Meyer, Philipps, Rapperi, Schmilt, Bor. 61, 1966). 

Hydrocarbostyril (3,4-dihydro-2(l)-quinolon(0, m.p., Bid®, and numerous 
homo1o|2:u('s: Meyer, va)i Zufphxn, Pkilrpps, Ber. 60, 861. 

2,.3-Dihydro-4(l)-quinolones have Ix't'ii syntlu'sized from X-phenyl-N-fp- 
t()luenesulfonyl)-d-uminoj)ropionic acid, C(dlf,•N (802 • CrI b • ( dl-t) • CIL • (TL- 
COOII, and its homoloiriK'-S with IAOr ((demo, Perkhi, J. 127, 2.3.38). 

HEXA- AND DECAHYDROQUINOLINES. When quinoline or tetrahydro- 
quinoline is h(\‘ited wit h hydrirnlie acid and ])hosphorus at a hi^h lemin'rature, or 
tr('at(‘d with hydro^t'ii nnden' 110 at.m. [)r('ssure in l,h(‘ pr('.s('nc.e of ni(4c(4 oxidt'. at 
240° (Ipatiew, B(*r. 41, 992), or wlam <iuinoIiiie is liydrof^tmaUd in arxitic acid 
solution with colloidal platinum and H 2 at .3 atm. (Skita, Meyer, Bi'r. 45, 3591) 
or wath platinum black containing oxygen (Zincke, Eismayer, Ber. 51, 767), the 
b(*nzene ring also adds hydrogen, and d('cah}droquinoline, togeth('r with a litt le 
hexahydroquinoline, CDlIigN, l).p. 226° (Bamberger, Williximscn, Ber. 27, 1459), 
and oth('r prodiud.s, are forrru'd. 

Decahydroquinoline, Cgllr/X, m.p. 48°, b.p. 204°, a vt^ry volat ile, strongly 
alkaline substance, with a stupefying odor like that of (joniine. Wlfile the tvtra- 
hjdrociuinoline behav(‘s like a mixed aliphatic.-aroitiatic amiiK', dt'cahydrocpiino- 
line has the prop(Tt ies of aji aliphat ic secondary ainim'; it is the piperidine, of ike 
qwinoline series: ^ 

OHz—CHs -CIL CIL—CIL—(31 - Clb—Cd h 

II III 

CH. --XII—CIIj cn..—Clt^ ClI NfT -CH, 

* 

Decahytlroquiiioline 


Piperidiiie 
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On total hydropjenation (by t.he mothod of Sabatier^ or in glacial acetic acid with 
Pt and H 2 ) decahydroquiiioline i!=! obtained in two stercoisomeric forms, cis- and 
trans-f in reference to the union of the two rings (analogous to cis- and trans- 
decaliri) [Huckel, Siepf, Ann. 453, 163; Fuiise, Sci. Papers Inst.Phys.Chem. 
Jiesearch Tokyo 8 (1928), 161]: 

7Vans-, m.p. 48.5°, b.p. 201°; hydrochloride, m.p. 275°; chloroaurate, m.p. 
124°. 

Cis-f liquid, b.p. 205°; hydrochloride, m.p. 226°; chloroaurate, m.p. 157°. 

Decahydroquiiioline contains two asymmetric carbon atoms (*); this has been 
verified by resolution witli the help of d-bromocamphorsulfonic acid. 

When the benzoyl or urethan derivative is oxidized, the decahydroquinoline 
ring suffers the same type of fission as in the case of piperidine (p. 220 ): the 
products are o-benzoylaminoityclohexaneiiroiiionic acid and o-carbornethoxy- 
aminocyclohexaneacetic acid: 



yClh - CII 2 


/’II 2 —CHjCOOII 

( V)Hio< 

V 1 - 

— > OJT.o< 



^N((XXyi„)CU. 


''NH(C;OC6Tl5) 


yCAh- -Olfj 


/Cir.cwH 

CcfTio< 

V 1 - 

— >■ (’cn,„< 



\N(co.,cn;,)C(i2 


^NII(CO,CUs) 


The free o-afninocyclohexa?iepropionic acid anhydrizi'S to octahydrocarbostyril 
{Hamhcrgrri WillinDmin., 27, 1458): 


(\Uu/ I 

^NII—(^O 


CoiuUmsed diaivatives of hydroiiuinolines include the julole and lilole deriva¬ 
tive's, which are derived from the hypotladlcal pare.nt substances: 


ClI-CdTrCdl 

II I II 

CnCH 2 N-OH 


Lilole 

4-rynolo[3,2,l-i;]quinoline 


on- c\]h —CH 

II I II 

ClICIIrNCHrCII 

Julole 

3,5-Dihydrobenzo [ij ]quin olizine 


Lilole is a combination of a quinoline ring with a pyrrole ring, or a pyridine ring 
with an indole ring, and julole is a combination of a quinoline ring with a pyridine 
ring. 

Methyllilolidinedione, 2 -methyUl fi-dihydroA -pyrrolo [3.2,1 ~ij ] quinoline A (5) - 
dione ( 1 ) is prepared from malonic acid ester with dihyaromethylindole (p. 71) 
and has already bt^en mentioned in connection with the latter. 


(I) 


CO-CfilIrCIL 

I I 1 

CIL-CON—CHCIL 


CH 2 -CelL • C(CH3) 

i I II 

CH 2 CH 2 NCOCH 


(ID 


Methyloxo juloline, 1 -methyl-^ ,7 -dihydrobenzo [ ij ] q ainoliz m-3 (5) -one (II), 
m.p. 130°, is obtained from tetrahydroquinoline with acetoacctic ester {Reis- 
serty Ber. 24, 845). 

Julolidine, 1 y2y^yi^fiJ-hexahydrohenzo[ij\qumolizine (III), 


(III) 


CII 2 


-C 0 TI 3 —CTL 


CIDClLNClL-CHz 


CO-Celia-CHa 

iurCO-iJf-CHa-cnj 


(IV) 


m.p. 40°, is produced when tetrahydroquinoline is boiled with 1 mol of 1-bromo- 
3-chloropropane, or aniline with 2 mols of l-bromo-3-chloropropane (Pinkus, 
Ber. 25, 2801). Both julole derivatives are bases, but julolidinedione (IV), 6,7- 
dikydroberizolijlgnirwlizineA {2) -dimiet from tetrahydroquinoline with malo¬ 
nic ester, has only acid properties. 

A similar ring system is contained in tetrahydroquinoline-2-propionic acid lac¬ 
tam, S,3ay4fd4etrahydropyrrolo[a\quinolinA{2)-one, m.p. 116°: 
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CeTl4-N- 

I ! 

CIL-CHo-CU 



CH 


2 


The lactam or the free acid is foriiK'd by r('duclif)n of 2-(iiiinoline}icrvlic acid 
(p. 233) with Na and alcohol. In many respects it resembles stri/chninc (p. 379) 
{KoenigSj Bor. 33, 218). Cf, also piiKTolidone (p. 224). 


Condensed Quinolines 


The quinoline syntheses from aniline or its hoinologues according 
to Skraup or Dohner-Miller (p. 227) can also be carried out witli naph- 
thylamines, arninoanthracenes, aminoanthraquinones, and the like; 
higher condensed ring systems containing a quinoline nucleus are 
produced. The angular union of the pyridine ring is far more com¬ 
mon than the linear arrangement, although the latter does occur in 
products from tetrahydronaphtlialcne deilvatives, e.q.^ Bz-tetrahydro- 
2-naphthylamine (v. BremUj Gruber^ Ber. 55, 1710; Linducr^ Btaufer, 
Mo. 46, 231), since the valence distribution in these cases is more 
favorabk'. to the linear condensation. 

The two naphthylamines give benzo [//.](luinolino (o'-naphthoquino- 
line) (I) and benzo[/]quinoline (/3-naphtho(juinoline) (II), and amino- 
anthra'cene yields na[)htho[2,3-/]quinoline O-anthi’acjuinoline) (TV): 



BcnzofAlquinolirio 

(a-Niiphtlioquimdiiie) 



Benzf) [/](juiii()line 
(/3-N apl 1 th oci ui IK >li ne) 


(III) 


Benzo [q Iquinoline 
(An thr apy ri di ne) 



Naphtho [2,3-/lquirK)linc 
(/3-Anthraqui noline) 


Benzo[/?,Iquinoline, a-naphthoqiiinoline, m.p. 52®, b.p. 338°. Benzo[/Iquino¬ 
line, 0-naphthoquinolinej m.p. 93°, b.p, 210° (22 ram.). The latter is also pre¬ 
pared from 1-bromo- or l-iiitro-2-naphthylamine. With KMn 04 the benzo- 
quinolines are oxidized to two phenylpyridinedicarboxylic acids (p. 205). By 
amination and subsequent oxidation with KMn 04 , benzo[/i] quinoline is converted 
to 7,8-quinolinedicarboxylic acid, and benzo[/jouinoline to 5,6-quinolinedicar- 
boxylic acid {Hepner, Mo. 27, 1045; for the numoering of the quinoline ring, see 
p. 226). 3 -Methylbenzo[/Iquinoline, ^-Jiaphthoqumaldine, m.p. 82°, from 2- 
napthylamine by the Ddhner-Miller synthesis [ Browningy Cohen, ELlirigioorth, 
Gulhransen, Proc.Roy.Soc.London BlOO (1926), 293]. Indeno[l,7-^/i]quinoline, 
acenaphtho^inoline, m.p. 62°, from 5-aminoacenaphthene (Stewart, J. 127,1331). 

3-Benzo(/]quinolinol, 2-hydroxy’^-naphthoquinolinc, m.p. over 2^)°, by heating 
benzo [/Iquinoline with caustic potash at 280-300° (Ger. Pat. 406208, 1922). 

The pyridine ring is hydrogenated first when the benzoquinolines are re¬ 
duced with tin and hydrochloric acid: 
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/CJh-Clh Clla--CH2V /CTE -CAh (.JITr- CTT2~-Cn -NH—CHa 

c,oH/ I i ycji/ II I I 

(Ur, CIJ. CH/ \N^fI CH-, CclR-—CH-Clla—CJfa 

(V) (VI) (VIJ) 


1,2,'^,4-Tetrahydrobenzof//]quinoline (V), rn.p. 40”, and 1,2,3,4-tetrahydro- 
benzo[/] quinoline, ni.p. 63”, b(4iave like alkylat(*d 1- and 2-na})ht4iy I amines. 
Tetrahjalro-l-naplitliylamine acrcrordiupc to the Ddbnrr-MiUcr synthesis gives 
tcirahydw}>c.Hzo\h\qnvriolinef in wliich the outside b(mzene ring is the first to be 
hydrogenated on naiin^tion {Lifidtier, Stcgfl, Mo. 46, 225). Reduction with 
sodium and boiling amyl alcohol gives l,2,3,4,7,8,9,]0~octahydrobenzo[^]- 
quinoline (VI), m.p. 48”, b.p. 216” (37 mm.), and th(i corresponding b(mzo[/]- 
quinoline derivative, m.p. Of)”, b.p. 325”, in which both the pyridine and the out¬ 
side benzene ring an^ hydrogenattMl, causing the products In have the nature of 
idkylated auiliiu^s. Krorn b<mzol/|quinoline there is simultaneously fornuid an 
isomeric oriahydro-ifi)-naphthoqn:in()lim‘, 1,2,3,4,4a,5,6,lOa-octahydrobenzof/]- 
quinoline (VII), m.p. 91 ”, b.p. 321 ”, in which the middle heuzeiu‘ ring is hydro¬ 
genated; this compound corresponds to decahydroquinoline (p. 245) and has the 
pro]:>t.^rties of a piperidine. 

Quino[8,7-/i]quinoline, 1,5-naphthodiquinoline, Cir,nioN 2 , m.p. 217°, from 
l,5-naphthalen(‘diamine, glycerol and il 2 SC )4 {Finger, Spitz, J.pr. 79, 445). 

Benzof^lquinoline, a-anthrapyridviey m.p. 114°, b.p. 200-205” (14 mm.) 
(formula III, p. 247), Irorn 1,2,3,4-tetrahydro-2-naphthy]amine over its tetra- 
hydro compound by dehydrogenation wilh lead oxide. Oxidation with CrOs 
converts it to benzoj(/jquinoline-5,lO-quinone, ajdkrapyridineqidnorie, m.p. 280°, 
which corresponds to anlhraquinone; this quinone can also be obtained synthet¬ 
ically from (juinolifiie anh 3 alride and benzene in the presenct? of AlCls {v. Braun, 
Gruber, Bor. 55, 1710). 6,9-Dihydroxybenzo[^lquinoline-5,10-quinone, 5,8- 
dihydroxyaMliTijpyrd/.iNcqv'iuonc, m.p. 237”, nd needles, from quinolinic acid and 
hydroquinone, cornvsponds to quinizarin [IViementows/ct, Fruhling, Joszt, Rocz- 
niki Chom. 7 (1927), 218|. 

Naphtho[ 2 ,3-/]quinoline, ^-authraquinolmc CnHuN, m.p. 170”, b.p. 446”; 
its solutions show iribmse blue lluorescence. It is oxidizt‘d by CVO 3 to naphtho- 
12,3-/]quinoline-7,12-quinone, ff-anthrnqain-oyiequiyiolinc, m.p. 185”, whose di- 
hydroxy dtirivalive is alizarin blue {Grache, Ann. 201, 349). For 3-phenylnaph- 
tho 12,3-/]quinoline, 2-phey(yl-^-ayddiraq\iiyu)lhie, m.p. 285”, see Mumjo, Gazz. 
59, 74. Naphtho[2,3-//|quinoiine-7,12-quinone, a-ayithraquinonequiuoUne, m.p. 
169”, can be prepared fn)m 1 -aminoanthraquinone, glycerol and H 2 SO 4 (Ger. 
Pat. 189234, 19(15), although 2-ainin()authra(punone. under the same condi¬ 
tions forms benzant Krone (Vol. HI, [). 696) and 13-phenanthro[ 10,1-/^]quinoline, 
bejizanihronequi'riotiyic, C 2 i)H]iON, m.p. 251”; the latter eompound, like benz- 
anthrone, is converted by hision with alkali to a blue-violet dye of outstanding 
fastness, cyananthrene (Bally, Her. 38, 194; Ger. Pat. 171939, 1904). 

ALIZARIN BLUE, 5,6-dihydroxynaphtho[2,3-/]quinoline-7,12-dione, dihy- 
droxyatiihraquii 10 n cq / / mol inc: 


/(XX /CH--cn 

Cell/ >a(oii)< I 


^N==CH 


m.p. 270°, metallic blue-violet needles, is obtained from 2 -nitro- or 2-amino- 
alizarin with glycerol and H 2 S ()4 {Briinyier, Chuard, Ber. 18, 445; Knueppel, 
Ber. 29, 708) (cf. Vol. HI, p. 663). It forms salts with both acids and bases. It 
is marketed in the form of a viok't paste and its rneth xl of application is similar 
to that of alizarin. In tlu‘ form of the bisulfite derivative it is called alizarin blue 
8 . Siuc() it is d{^colorizod b^^ reducing agents (zinc dust, graf)e sugar) and re¬ 
generated by exposure* to the air, it is suitable for tyat dyeing. By treatment with 
112804 several hydroxyl groups can be introduced into alizarin blue. The prod¬ 
ucts are mixtures of sulfonic acids of tri-, teitra-, and pentahydroxy derivatives of 
alizarin blue, and are kmjwn as alizarin blue-green, alizarin green and alizarin 
indigo blue {Graehc, Phillpa, Ann. 276, 21). 

/C6H2[C»H,N] 

1 l-Indeno[2,1-/]quinoline,/ZuorenequmoZinc, 
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and dibenzo[/,/i]quinoline, 9tl0-phenanthroquinoline, CnHuN, m.p. 174"’, are 
prepared from 2-aminoflu()rene and 9-arainopheuanthrene by the Skraup syn¬ 
thesis {Diels, Staehlin, Ber. 35, 3275; Herschmann, Ber. 41, 1998). 

9 -Methylindeno (1,7 -gh ] quinoline, 2 -mcihyUuxnaphiha-b ,6 -pyridine: 


CHa 



II 2 C- Clh 


m.p. 131°, from 5-aminoacenaphthenc and paraldehyde (Nair, Shnonscn, J. 
1926,3140). 


(c) Isoquinolines 

While in quinoline the carbon atoms in the 2- and 3 -]>ositions are 
common to the benzene and the pyridine rings^ in isocjuinoline tlie 
carbon atoms in the 3- and 4-positions an^ sharcKi. Isoquirioline is 
therefore also called 3,4-benzopyridine. The nitrogen atom in the 
isoquinoline ring is separated from the benzene nucdeus by a methine 
group. 

63 

8 N 
1 

Quinoline 

The constitution of isocpiinoline is evident from its oxidation to 3,4- 
pyridinedicarboxylic acid and from its various syntheses. 

In its reactions isoquinolinc resembkis quinoline. It occurs with 
quinoline in coal tar {Hoogcwerffj van Dorpj 1885, cf. Wd^sgerher^ 
Ber. 47 , 3175) and is the mother substance of a series of important 
alkaloids in the group of opium bases, such as papaverine^ narcoline, 
hydrastine, and opomorphine (pp. 359 jf.). 

Synthesis of Isoquinoline Derivatives. —( 1 ) Iso(|uinolino is obtained 
by ring-closure of benzene derivatives with the grouping: 



(a) Isoquinoline is prepared from /(3-benzylideneaminoethyl ac(d.al 
or benzylaminoacetaldehyde by warming with HijSOi {PomcranZy Mo. 
15 , 299; Hantzschj Urhahn, Ber. 28 , 764); or with H 2 BO 4 and arsenic 
acid {Rugheimery Schon, Ber. 42 , 2374); this method has but a limited 
range of applicability {cf. Slauh, Helv. 5 , 888 ): 


6 4 



Isoquinoline 
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(RO)i>ClI—CH 2 


/J-Beiizylideiieaminonthy] acetal 


/CH=CH 
CcH/ I 
^CII-=N 
Isoquinolino 


(b) A more important method is that derived from the second 
pjroupin^z: above, consisting in the elimination of water from acylated 
phenetliylamiiK^s by means of in boiling toluene, xylene {SpdtKj 
Polgar, Mo. 51, 192) or tetralin solution {Spdihy Berger, KuntaTa, Ber. 
63, 134). Tlie diijydi'oisoquinolines so formed are oxidized to iso¬ 
quinolines with ]yMn 04 in acid solution or by catalytic dehydrogena¬ 
tion {Spdih, Polgar, Mo. 51,193; Spdth, Berger, Kuntara, Ber. 63,134; 
Pictet, Kay, Ber. 42, 1973; Decker, Kropp, Ber. 42, 2075; for a modi¬ 
fication of this method, see v. Braun, Blessing, Calm, Ber. 57, 908; 
Ger. Pat. 399805, 1920, Erdl. XIV, 1313): 


CfilhCH.,-- c:H2 
CfiHsCO - NH 


-H?0 


CJh -CIE 


1 12 - 

I 

C(Cdh):N 


/CIE 


-> Cdi/ 

\C(C6H6):N 


CH 

I 


Acylated Q!-hydroxyphenetJiylamin(‘s of the formula C6H6CH(OH)- 
CH 2 NfICOR {Pictet, Gams, Ber. 43, 2384) or the corresponding ethers 
[Rosenmund, Nothnagel, Ricsenfeldt, Ber. 60, 392; Mannich, Walther, 
Arch. Phariu. 265 (1927), 1] give iso(iuinolines directly when treated 
with lyis: 


-C4i(Oii) cu, _2ino yCH—cn 

Cell/ I -Cell/ I 

OCH- Nil ^Cll--N 


When phenethylamines are condensed with aldehydes, tetrahydi’o- 
quinolines are formed {Pictet, Spengler, Ber. 44, 2030): 

CoHeClb-CHn .CH 2 —0112 

I-> CeH/ I 

CII 2 O -f NH 2 

Method (6) can be used for the preparation of complicated iso¬ 
quinoline compounds, such as those of the type of berberine {Chak- 
ravarti, Haworth, Perkin, 4. 1927, 2265; Haworth, Perkin, Pink, J. 
127, 1709) and of apomorphiiic {Robinson, Shinoda, J. 1926, 2198). 


(c) r8()(|iiinoliiie is formed from cinnamaldoxime and from benzylidcneac(^t- 
oxiiiK* by iK'nlinp: wit h IhOc,, a Rcc/wmaa rearrangement taking place (Goldschmidt, 
Ber. 27, 2795; 28,818): 


CelhCHiCH-ClI-.N-OlI 


[CeH5-ClI:CHNIICn:0| 



CII=N 


yCR==^CRi 

(2) In lactones of the formula CcH 4 / | , called isocou- 

^CO—O 

marins (p. 184), the linking oxygen can be exchanged for an NH- 
group by means of cold aqueous ammonia, forming isoquinolones or 
isocarbostyrils, which are converted into isoquinolines by successive 
treatment with PCh and HI and phosphorus or with zinc dust. 
Similar treatment transforms l,3(2,4)-isoquinolmedione (homo- 
phthalimide) and its homologues into isoquinolines {Le Blanc, Ber. 21, 
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2200; Bamberger, KitsrheU, Bcr. 25, 1138; Zinekr, Tier. 25, 1403; 
Gabriel, Neumann, Her. 25, 35G3; Bamberger, LndUr, Ber. 26, 1842); 


Cell,. 


CHa—(X) 

I 

CO—NH 


(‘H=CC] 


< v 

I 


l,3(2,4)-Isoquin()liiie(li(>no 

(Homoplithaliinide) 


cri=-CTi 

c\u/ I 

\CIT--N 

Lsoqiiinolino 


Zn 


l,3-l-)ichl(>r()is()(iuinoliiiu 


C:«h/ 

\;0—NFT 
Jsocarbostyril 


Isoquinoline, in.p. 24° [Frank, Vollmer, Braiinkohlo 23 (1924), 
505], b.p. 240.5"^ (763 rnm.), ^ 1.096, is (piitc similar to quinoline. It 
is obtained from th(^ crude quinoline of coal tar in 4% yield (Forsyth, 
Kdly, Pyman, ,J. 1927, 1659) by fractional crystallization of the sul¬ 
fates, or by fi^radual conc^entration of the isoquinoline by sliaking 
with H 2 S() 4 , due to its greater basicity (Weissgerber, Ber. 47, 3175; 
Harris, Pope, J. 121, 1029). It is prepared by the methods given 
above and also by distillation of N-benzylideneethylamine, CgHb- 
CH:N-CH 2 CH 3 , through an incandescent tube (Pictet, Popovici, Ber. 
25, 734) and in smaller yield by distillation of N-methylphthalimidine 
(Pictet, Bcr. 38, 1949) and of yohimbine (Winterstein, Walter, Helv. 
10 , 577) with ziiH* dust. Oxidation of isoquinoline with KMn ()4 pro¬ 
duces both phthalic acid, by destruction of the pyridine nucleus, and 
cinchomeronic acid (3,4-pyi‘idinedicarboxylic acid), by destruction of 
tlie benzene nm^hqis. The alkyl halide addition products of isoquino¬ 
line give alkylated phthalimides, (^ 6 lJ 4 (CO) 2 NR, when oxidized. 

Isaqurtioliftr 2-o.r'i<l<'y hydrate, lu.p. 9S° (McLsruheiiner, Ber. 59, 1848). Iso- 
quinoline picrule, in.p. 2'2'A^. Chloroplalinnlc, ((’ 9 lUN) 2 PtCd,j + 2 H 2 O, m.p. 260°. 
2-Meihyllsoqainoliviurn iodide, CtjilyN -ICHa, m.p. 159°; the 2-Ethyl iodide, m.p. 
148°. The 2 -alkylis()quinoliuium iodides react like tlie pyridinium and quino- 
liniurn iodides (p. 201 and p. 230). With sodium hydroxide solution they first 
form the unstable isoquinohnium hydroxides, which rearrange to 1 -hydroxydi- 
hydroisoquinolines; these are oxidized to 2 -alkyl-l-isoquinoloiies by alkaline 
potassium ferricyanide solution. With alkylrnagnesium halides they give 1,2- 
dialkyldihydroisoquinolines (p. 254). For the action of cyanogen bromide and 
hydrocyanic acid, see Mumm, Herrendorjer, Ber. 47, 704, and SIdmidzu, J.pharm. 
Soc. Japan 1926, No. 537, 94. Nitrat ion of isoquinolino yields a B^-nitroisoquino- 
line, m.p. 110° (Kd/inger, J.pr. 53, 375). 1 ,3-Dioxolo[( 7 ]isoquinoline, Q,7- 

meihylenedioxyisoquivolinc, (CH 202 )CfiH 2 ( 03 HjtN), m.p. 124°, from piperonal- 
aminoacetal; its methyl iodides addition product reduces to hydrohycirastinine, 
6 -mcthyl- 5 , 6 , 7 , 8 -tetrahydro-l, 3 -dioxolo-[j 7 ]isoquinoline (p. 369; Friisch, Ann. 
286,1). 

8 -Methyl- and 6 -methylisoquinoline, b.p. 258°, and m.p. 83°, b.p. 264°, are 
prepared from /3-o- and p-niethylbenzylidcncamiuoethyl acetal (Pomcranz, Mo. 

18, 1). 

1-Methylisoquinoline, b.p. 245° (728mm.), sulfate m.p. 247°, is obtained from 
(Q:-methylbenzylidene)amiiioethyl acetal with H 2 SO 4 (Pomeranz, Mo. 15, 299) 
and from N-acetyl-/3-hydroxyphencthylamine with P 2 O 6 {Pictet, Gams, Ber. 43, 
2389) and is apparently identical witJi the methylisoquinoline from vapaveroline 
(p. 365) (Krauss, Mo. 11 , 350). 3 -Methylisoquinoline, m.p. 68 °, b.p. 246° 
(761 mrn.), is formed from rnethylisocarbostyril {Gabriel, Neumanyi, Ber. 25, 
3563) by distillation with zinc dust (sec above). 4-Methylisoquinoline, b.p. 
256°, from dimethylhomophthalimide by distillation with zinc dust (Le Blanc, 
Ber. 21 , 2300). 3-Ethylisoquinoline, C 9 (C 2 Hb)H 6 N, b.p. 256°, and 3-phenyl- 
isoquinoline, C 9 (C 6 H 6 )H 6 N, m.p. 104°, are prepared from ethyl- and phenyliso- 
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carbostyril (sec above) (Gabrielf Neumann^ Bcr. 25, 357^; Darneroiv, Be.v. 27, 
2237). 1-Phenylisoquinoline, m.p. 93 from bcnzohydrylitleneamiiioacetal 

(CflHidaC; NCH2CIJ (OC2llr.)2 with H2SO4 (PonieranZy Mo. 18,1), from N-beii- 
zoyl-^-iiydroxyf)heiu;thylamiiK‘ with P2O6 (Pictet, (Jama, Ber. 43 , 2388; Rosen-’ 
mund, Nothnagel, Uiesenfvldt, Ber. 60,392) and from its dihydro derivativt^ with 
KMnO^ (Pictet, Kay, IVt. 42, 1970). 

4-Benzylisoquinoiine, m.p. 118°, b.p. 238° (23 mm.), is formed together with 
a little 3-benzylisoquinoline, m.p. 104°, b.p. 311° (23 mm.), when tetraliydro- 
isoquinoline (]). 254) is lunxled with beuzaldehyde; 4-beiizylisoquiuoliiie yields 
pyndine-3,4,r)-tri(‘arboxylic acid on oxidation. l-Benzylisoquinoline, m.p. 55°, 
b.p. 228° (23 rnm.), which is tlie parent compound of several alkaloids (cf. 
papaverine, p. 365; Rughehner, Ber. 33, 1719; Ann. 328, 326; R/ugheirner, FriU 
ing, Ann. 326, 261), is obtained from isoquinoline and benzyl alcohol by heating, 
from N-phenacetyl-/3-hydroxyphenethylamine with P 2 O 6 (Pictet, Gams, Ber. 43, 
2387) and from its dihydro derivative (Pictet, Kay, Ber. 42, 1978). It oxidizes 
to pyridine-2,3,4-tricarboxylic acid. Its methyl iodide addition product is con¬ 
verted by acpieoiis S(jdiura hydroxide, not to the hydroxy dihydro base (see above), 
but, by elimination of water, to the yellow 2-methyl-l-benzylidene-l,2-dihydro- 
isoquinoline, which is also produced by the action of CeH 6 CIl 2 MgCl on 2-methyl- 
l(2)-iso(}uinolone (p. 253), and which regenerates 2-methyl-l-benzyli8oquino- 
linium iodide when treated with HI (Decker, Pschorr, Ber. 37, 3396). When the 
latter cornixound is digested a hmgcn* time with aqueous sodium hydroxide, 
rnethylainincj is eliminated, and 2-phenyl-l-naphthol rcxsults, a reaction which can 
be explained only by assuming that the 2-metnyl-l-benzylidenedihydroisoquino- 
line originally formed suffers a ring-fission (Decker, Aim. 362, 305): 

/GHz-Clio /CH=CTI 

i —^ Cell/ —> Cell/ I 

C(:CHCcTr5) -NCir, \C0-CH2CJT5 \C(OII):C CeTT6 

Quinoline red (or isoquinolinc red) is obtained by the action of benzotrichloride 
on a mixture of isoquinolinc and quinaldine (p. 232). For its constitution (14- 
chloro-15-phenyl-14,15-dihydropyrimido[ 1,6-a, 3,4-a']diquinoline, see formula) 
and the reaction mechanism of its preparation, see Vongerichten, Hofmann, 
Ber. 45, 3447; Schcibe, B(3r. 54, 786; Scheibe, Fischer, Ber. 59, 502). 


:CH.< 

\cii/ 

It is a red dye which, like the cyanines (p. 234), has the property of making 
photographic plates orthochromatic. 

Isocpimolines halogenated in the pyridine nucleus are prepared from iso- 
carbostyrils (see below) and homophthalimides with PCh. Chlorine atoms in the 
1-position possess the same reactivity as the chlorine atoms in the 2- or 4-position 
of quinoline (p. 235). 

l-Chloroisoquinoline, m.p. 38°, b.p. 275°, from isocarbostyril with POCl* 
(Gabriel, Colman, Ber. 33, 985). 3-Chloroisoquinoline, m.p. 48°, b.p. 281°, 
results from the partial reduction of 1,3-dichloroisoquinoline, m.p. 122°, b.p. 
306°, which is prepar(*d from homophthalimide with POCI 3 (Gabriel, Ber. 19, 
2355). 1,4-Dichloroisoquinoline, m.p. 89°, from hydroxyisocarbostyril with 
POClj (p. 253), together with l-chloro-4-isoaumolinol, m.p. 196° (Gabriel, 
Colman, Ber. 33, 986). 1-Chloro-3-methyl- and l-chloro-S-phenylisoquinoline, 
m.p. 36° and 77°, from the corresponding isocarbostyrils; the latter reacts with 
aniline to give l-anilino-’S-phenylisoquinoline, C 9 H 6 (NHC«H 6 )N, m.p. 126° 
(AWirafm, Ber. 25, 2709). 

Sulfonic acids of isoquinoline are formed by the action of fuming sulfuric acid, 
the preferred points of entry being the 5- and 8-positions. The 8-sulfonic acid so 
prepared can oe converted to 8-isoquinolinol by alkali fusion (Weissgerber, Ber, 
47, 3180). 
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AMINOISOQUINOLINES. When isoquinoline is treatiHl with sodium amide 
according to the naethod used in the pyridine and quinoline series, 1 -aminoiso- 
quinoline fs obtained [THchiischihahint Oparina^ J.Russ.Phys.Chem.Soc. 50 
(1918), 543]. 

1-Aminoisoquinoline, m.p. 123°, picratem.p. 290°, when diazotizod and boiled, 
gives isocarbostvril (see Vielow). 

ISOQUINOLINOLS, ISOCARBOSTYRILS. Tlie hydroxyl derivativi^s of 
isoquinoline are prepared from the isocoumarins with NHs (p, 184). Another 
more general synthesis consists in the treatment of the reaction products of e- 
cyanobenzyl cyanide and carboxylic acid anhydrides with alkali: 

/CH2(CN) (ch,C 0),() X(CN)-:CCH, /C(CN)-:CCn3 

CeH/ -—> Cell/ I Cell/ 1 

^CN \CN OCOCIh ^CO-NH 

o-Cyanobenzyl a-o-Cyo.nophenyl-^-acetoxy- 4-Cyan c>-3-iuethyl' 

cyanide crotononitrile iaocfirbostyril 


The alkylcyanoisocarbostyrils so obtained lose the cyano group when treated 
with conc-entrated sulfuric acid, forming 3-alkylisocarhostyrils {(fahriel, Posner^ 
Ber. 27, 827; Damerow, Ber. 27, 2232; Harper, Ber. 29, 2543). 

The rearrangement of phthalimido-fatty acid osti'rs by mimns of sodium 
alcoholate serves for the preparation of 1 ,4-iso({uinolinedio)s or 4-hydroxyiso- 
carbostyrils (Gabriel, Cohnan, Ber. 33, 980; Findchice, Ber. 38, 3542): 



NCII 2 CO 2 U 


/C(Oir):(bCO,B, 

/ ! 

^CO-NH 


CJl 


< 


(XOH):rH 
CO-—NH 


The resulting l,4-dihydroxyisoquinoline-3-carboxylic a(‘id esters are easily de- 
carboxylated, and the 1,4-dihydroxy compounds can be n^duced to isocarhoslyrils. 

As in the case of carbostyrils, alkyl (dhu.rs of both the hydroxyl and the keto 
form of iwsocarbostyrils can be obtained. The former are usually prejian^d from 
the 1-chloroisoquinolines with sodium alcoholates, and th(‘ latli'r from t he isocar- 
bostyrils with alkyl iodides or from 2-alkyliso(iuinolinium iodides with aciucous 
sodiiirn hydroxide and potassium h^rricyanide. 

Isocarbostyril, \-isoqumolinol, 1(2)-isoquinoloric, m.p. 207° \ Tschitschihahinf 
Oparina, J. Russ. Phys.Chern.Soc. 50 (1918), 5431 , preixi. from isocournarin with 
NH 3 , from isocarbostyrilcarboxylic acid, CHIcON'COOH, m.]). 320° (dec.), the 
product of the reaction of isocournarincarboxylic acid with NII3, by d<'carboxyla- 
tion, and from 1 -aminoisoquinoline (set* above) by diazotization and digestion. 
l-Methoxyisoquinoline (I), b.p, 240°, is prepared from the Ag-salt of isocarbo¬ 
styril with mc'thyl iodide. The isomeric 2-methyl-l(2)-isoquinolone (11), m.p. 


( 1 ) 


‘<C I 

^C(0CH3)=N 


(ID 


‘V I 

\C0- ^CIL) 


54° (40°: Dcchcr, J.pr. 47, 28; Baniherger, Frew, Bct, 27, 205), from isocarbo¬ 
styril with methyl iodides and alkali (Fernan, Mo. 14, 59) and from nad-hyliso- 
quinolinium iodide with alkaline potassium fmTicyanide (p. 251). OthiT N- 
alkylisoquinolones an* formed by the action of primary aminos on isocournarin 
(Bamberger, Frew, Ber. 27, 198) or its carboxylic acid. 3-Methylisocarbostyril, 
m.p. 211°; 3-ethylisocarbostyril, m.p. 141°; 3-isopropylisocarbostyril, m.p. 
186° (Lehmkuhl, Ber. 30, 892). 3-Phenylisocarbostyril, isobcnzalphthaliniidine, 
m.p. 197°, from isobenzalidithalide with NII 3 (Gabriel, Ber. 18, 2448; Damerow, 
Ber. 27, 2237). 

5,6,7-Trihydroxy-4-methylisocarbostyril, CJICOIJ).,: |(-hH 2 ((Tl;()C)N 1, is ob¬ 
tained from the corresponding isocournarin derivative, wliiih is formed from gall- 
acetol, C 6 H 2 ( 0 H) 8 *C(V 0 * 0112000113 , with concent,rated sulfuric acid (Fritsch, 
Ber. 26, 419). 

l-Hydroxyisoquinoline -3 -carboxylic acid, m.]). 31‘9° (dee.). 

4-Hydroxyisocai'bostyril, ] , Ui8<^uinolmediol, is prepared hy saponification of 
1,4-dihydroxyisoqumoline -3 -carboxylic acid ester, m.j). 222°, the product of t he 
rearrangement of N-carbethoxymethylphthaliinide, ("filR(C 0 ) 2 N(JIT 200 002 H 6 
(see p. 254). The hydroxy isocarbostyril is reduced by hydriodic acid to iso- 
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carbostyril, and is oxidized, similarly to indoxyl, to a ring-homologue of indigo, 
carbindigo, a vermilion powder. As indigo is oxidized to isatin, so carbindigo 
is oxidized by fuming nitric acid to phtlialonimide, tetrahydroisoquinoline-1,3,4- 
trione, which can also lie obtained directly by oxidation of hydroxyisocarbostyril 
with the same reagent: 


/C(On):Cri 
2CVH/ I - 

XCO- —NT! 


.COC=- 

^ c«ll/ ( I 
XIONH JIN 


CCOv 

•C(K 


►2C, 


< 


CO-CO 
CONH 


With sodium methylate' and methyl iodide hydroxycarbosiyril gives 4-methoxy- 
isocarbostyril, in.p. 171°. With benzaldeliyde and with phthalic anhydride it 
condensc's with elimination of water, and witli phthalonimide (sec above) it 
forms carbindigo {Gabriel^ Colmnny Ber. 35, 2421). 

3-Methyl-, 3-ethyl-, and 3-phenyl-4-hydroxyisocarbostyril are prepan'd from 
N-carbethoxyethyl-, N-carbethoxypropyl-, and N-(phenylcarhethoxymethyl)- 
phthalimide by rearrangement and fission (see p. 253) (Ulrich, Ber. 37, 1685; 
Biiloio, Deiglmayr, Ber. 37, 1791). 

CARBOXYLIC ACIDS. Isoquinoline-1-carboxylic acid, m.p. 162°, has been 
obtained from its nitrile (Zincke, Kndlpfriffcr, Ann. 408, 338; Hc^Usert, Ber. 38, 
3427). 6,7-Dimethoxyisoquinoline-1-carboxylic acid is fornuid in tlie oxidation 

papaverine with KMn 04 . 

HYDROISOQUINOLINES. (/) Dihydroisoquinolines ar(‘ synthesized from 
acylated pherK'thylarninos with J\>()f>, PClj,, and POCU (p. 250) (PicUi, Kay, Ber. 
42, 1973) (for a variation of this method, see Ger. TXt. 399805, 1920, Frdl. XIV, 
1313), and from 2-alky!iso(iuinolinium iodides by treatment with alkylmagnesium 
halides (Freund, Bode, Ber. 42, 1750). In (.he first case 3,4-, and in the second 
case, 1,2-dihydroisoquinolines are formed. The dihydroisoquinolines can be 
converted to the corresponding isoquinolines by KMn 04 in acid solution or by 
catalytic dehydrogenation (Pd-black, 190°; Bpdth, Berger, Kuntara, Bor. 63, 
134). l-Methyl-3,4-dihydroisoquinoline, b.p. 236°; 1-phenyl-3,4-dihydro- 

isoquinoline, m.p. 73°; l-benzyl-3,4-dihydroisoquinoline, b.p. 196° (12 mm.). 
7,8-Dil^dro-1,3-dioxolo f g] isoquinoline, 6,7 -nrethylenedioxy-^ ,4 -dihydroisoquw 
line, (CTJ202)C6H2(C3H6N), m.p. 91°, from formylhomopiperonylamide wi1h 
p20fl; with HI it yields hydrastininc hydriodidc. (p. 369) (Ger. Pat. 234850, 1910). 
For the synthesis of hydrastinine and of cotarniiH', which contains one more 
hydroxyl group, se(‘ the section on opium alkaloids ([). 369). 1,2-Dimethyl-1,2- 
dihydroisoquinoline, b.p. 150° (20mm.), and 2-methyl-l-benzyl-1,2-dihydroiso- 
quinoline, b.p, 170-180° (9 mm.), from 2-metbylisoquinolimum iodide with CUs- 
Mgl and CttHBCHoMgCl, respectively. 

Isocarbostyrils are oxodihydroisoqninoli/nefi (p. 253). 

(2) 1,2,3,4-Tetrahydroisoquinolines are prepared either synthetically by 

condensation of pbenetbylamines w'ith aldehydes (p. 250 and Pictet, Spcngler, 
Ber. 44, 2030) or by reduction of isoquiiiolines and dihydroisoquinolines with 
Sn and hydrochloric acid, with Na and alcohol or catalytically with Ni and 
(Ger. Pat. 423026, 1923, Frdl. XV, 1454). An unusual synthesis is that from 
phonethylglycine chloridt' with AlCU, accompani(id by loss of CO (v. Braun, 
Wirz, Ber. 60, 102; Ger. Pat. 423027, 1924, Frdl. XV, 1711): 


/X /CH2V 

Y Aid, 


II 2 C 


/• 


NH 


GO-01 



+ CO -P IICl 


The tetrahydroisoquinolines behave like alkylated benzylamines, while tetra- 
hydroquinoliue has the properties of an alkylated aniline: 




CH 2 —OH. 


^NH—OI.I2 

TetrtthydroQuinoline 


CHs—CFI^ 

CII 2 —NH 

Telrahydroisoquinoline 




ISOQUINOLINE GROUP 


255 


1,2,3,4-Tetrahydroisoquinoline, h.p. 233°, from ph(‘iiei4iylainino, and con- 
ccniratnd liydroohlorio acid, or r(‘diiction of iHoqiiinoliric, ih a strong base 
which absorbs CO 2 frcnn the air; when w^arrned it reduces ammoniacal silver 
solution. Like piperidine (p. 220) it is oxidized by H 2 O 2 to an N-oxide, m.p. 77°. 
Nitroso derivative, m.p. 33°; picrate rn.p. 195°. 2,2-Dimethyltetrahydroiso- 
quinolinium iodide, CttllioN(C'H 8 ) 2 l, m.p. 189°, is formed from methyl iodide and 
tetrahydroisoquinolino. The 2-methyltetrahydroisoqiiinolme, b.p. 212°, is best 
[>repar(‘d by reduction of the 2-methylisoquinolinium iodide with Cu and hydro¬ 
chloric acid; it is oxidized by chromic acid to N-methylphthaloniraide {Freund^ 
Beck, Ber. 37, 1943). For the Hofmann decomposition of the dimetliyl-1,2,3,4- 
tetraliydroisoquinolinium iodide to o-(N,N-dimethylaminomethyl)-styrene (I), 
see V. Braun, Kohler, Ber. 51, 102. In contrast to the stability of th(i quinoline 



CTIiCHs 

CHo-NCClL), 

(I) 


/C:iL>—CH, 

< i 

^COOH JNJICOCelL 
( 11 ) 



CIL CTI 2 

CO --Irn 

(HI) 


ring, the ring-fission in th(‘ iso(|uinoline series is not, difficailt; the isoquinoline 
ring opens very readily on exhaustive metliylation {cf. the relative ring-stability 
of cyclic bases: v. Braun, Ber. 49, 2029). N-Ethjd-and N-propyltetrahydro- 
isoquinoline each yield witli the l-menthyl f‘st('r of iodoacetic acid two stereoiso- 
meric addition products, CJJTioN(R)((3T2CX.)OCioHifi)I, having different optical 
rotation; from these, by elimination of menthol with moist silver oxide, t wo pairs 
of betaini's of the formula: 


(H-Cdl. /II 
Colli^ .NO - -CO 

\C'il2 


of opposite optical activity are formiMl. This is a synthesis of an optically active 
compound of pentavalent nitrogen {WcddHnd, Bafidau, Ann. 401, 336; 404, 
322L N-Benzoyltetrahydroisoquinoline, b.p. 245 250° (50 mrn.), is converted 
by oxidation w'ith KMn 04 to iS-benzoylamino(‘thyl-o-benzoic acid [sec formula 
(IT) shdwn above]. The latter didiydrates readily to the benzoyl derivative of 
hydroisocarbostyril (III), m.p. 71° {Bamberger, Dieckviami, Ber. 26, 1220). 
l,2-Dimethyl-l,2,3,4-tetrahydroisoquinoline, b.]). 126° (20 mm.). 2-Methyl- 

1- benzyltetrahydroisoquinoline, CttTTofCILCyDNCTL, b.p. 178° (12 mm.), is 
the parent compound of laudanosine (p. 366); it is converted by the Hofma-mi 

ycnxmcah 

reaction (p. 221) to o-vinylstilbene, C 6 H 4 <(^ , {Freund, Bode, Ber. 42, 

X;il:CH, 

1750). Oxidation with Mn02 and dilute H 2 iS 04 splits off the benzyl group in the 
form of Ixmzaldehyde, leaving o-zS-methylaminoetlodbenzaldeh^nie, from which 

2- methyldihydroisoquinoliiiium salts can be formed with acids {Fyman, J. 95, 
1738): 


CH 2 - CU, 

Cell/ I 

\CH(Cn2ColL)-NCTL 


•> 



Ciu—OIL 
CHO NIK IL 


HI 


NaOH 



ClL-CHa 

I 

CH=-N(CH8)I 


Cf. the decomposition of 2-methyl-l-benzylisoquinolinium iodide (j). 252) and 
of the dihydropyridines (p. 218). 6,7-Dimethoxyisoquinoline, b.p. 207° 

(24 mm.), is similarly formed from tetrahydropapaverine {Pyman, J. 95, 1610; 
97, 264). 

l,2,3,4-Tetrahydroisoquinoline-3-carboxylic acid, m.p. 311° (with decom¬ 
position into CO 2 and tetrahydroisoquinoline), is obtained from phenylalanine, 
methylal, and concentrated hydrochloric acid {Pictet, Spengler, Ber. 44, 2034). 

The homophthalimides are dioxotetrahydroisoquinolines, l,3(2,4)-isoquino- 
linediones, while the phthalonimides are trioxo derivatives. 
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Other derivatives of tetrahydroisoquirioline are berherine, hydrastine, narcotine, 
latidanmine, and apomorphive. 

Decahydroisoquinoline has been obtained in two stereoisomeric modifications. 
Tluj ci^-decahy<h(moqiiinotine is produced by catalytic reduction of isoquinoline 
with colloidal platinum (Shita, Ber. 57, 1982) and by. rinK-closure of c?>-hexa- 
hydro-o-iiomoxylylencHiiamino {Heifery Helv. 6 , 785). The ^ruas-compound is 
pr( 5 par(‘d by niduetion of ^ma.s-liexaliydrohoniophthalimide with Na and amyl 
alcohol {Heifery Ilelv. 9, 814), 

rw-l'\)rm: b.p. 97-98(15rnm.); hydrochloride, m.p. 176°; chloroplatinate, 
m ,p. 201 °; i)icrat e, m .p .144'^. 

tran,s-Form: b.p.81-'H.‘5° ( 12 mm.); hydrochloride,m.p.216°; chloroplatinate, 
m.p. 189°; picrate, m.p. 160°. 

Benzie I isoquinoline, C),7-benzlsoquvnoliney anthraisopyridine (I), m.p. 166°, 
by r(‘dii(4ion of t he corrcisponding (piiiione, wdiich is the condc'iisation product of 
4-b(‘nzoylriicotinic acid with concentrated H 2 SO 4 {PhilipSy Ber. 28, 1658). 



3-Cyclopenta[5]quinoline, quinindene (11). Partially hydropjenated deriva¬ 
tive's of this ring systian are obt.ained by condensation of isatin or isatic acid with 
cyclopentanon(‘s uudcT the influence of aqueous KOH: 


(X)Oll 


.■ 



/S 


\fH2 


(X)()H 

112 

M.p. 297° (doc.) 


1 ,2-Dihydro-3-cyclopentaf/)]quinoline, 2y34rimethyle7ieguinoliney m.p. 60°, by 
decarboxylation of the carboxylic acid. The hexahydro-3-cyclopenta[b]quinoliney 
containing four more hydrogen atoms, exists in two stereoisomeric forms {Perkiriy 
Planty J. 1928,639). 


(d) Acridines 

The acridiiic formula is derived from that of anthracene by replace¬ 
ment of one of the middle CH-groups with an N-atom. It may be 
designated 2,3,4,5- or lin.-dibenzopyridine: 



For the distribution of the double bonds, see v. Auwers, Krauly Ber. 58, 543. 

Its relation to quinoline and pyridine is evident from its oxidation 
to quinolinedicarboxylic acid and pyridinetetracarboxylic acid (pp. 
242, 216). Acridines are prepared: 

(i) From diphenylamine with carboxylic acids or from acyldi- 
phenylamines by heating with ZnCla {BerrUhsen, Ann. 224, 1): 
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Clio yCH. 

Collax I /Cell. -> CdU y>vdi, 

xN/ ^ N ^ 

N-Formyldiphenylamine Acrkliini 

From diphenyl amine and homologous fatty acids, aromatic acids and dicar- 
boxylic acids, rnaso- or 9-derivatives are obtaiu(‘d Bernthserif Ber. 18, 

690; Jensen, Hmuland, Am. 48, 1988). Substituttid diphenylamines, (Best- 
horn, Curtman, Ber. 24, 2089), ditoly Ian line, iihenylnaphthyl amine, and similar 
compounds react like diphenylamine. 

(2) Several acridine derivatives have been prepared from o-diamino deriva¬ 
tives of di- and triphenylmethane (Fischer, Schulte, Ber. 26, 3085): 



C^cICN'II 

CJC 


2 



CJCCH 


XVH:,(N1U)2 

^CMCCNH.,). 


.C,1C(NH2)s 

-> C,lhC<f >N 

X^ICCNH.,)/ 


Bonzacridines (naplithacridines) are formcid by condensation of aldehydes with 
anilines and naphtliols and also from o-aminobenzyl alcohol or o-aminobenzyl 
chlorides with naphthols or naphthylarnines (Ullmann, Fetmdjia)!, Ber. 36, 1027; 
UUrnann, Fitzenkarn, B(^r. 38, 3787; Baezner, Cardiol, Ber. 39, 2623; Senier, 
Compton, J. 91, 1927). 

(d) Benzacridmes are produced by oxidation of o-tolylnaphthylarnines with 
sulfur or PbO [Ullmann, La Torre, Ber. 37, 2923; Ullmann, Biihler, Z. Farb. 
Textilchemie 4 (1906), 521]: 



CJU-CIU 

C,oH7 



(4) Acridine derivatives can be synthesized by a variation of the FricdUinder 
[uinoline synthesis; thus, 4-methylacridine is prepared from o-aminobenzal- 
lehyde and o-bromotoluone (Jensen, Friedrich, Am. 49, 1049): 




3 


A similar reaction produces nitroacridines by the action of o-chlorobenzaldehyde 
on nitroanilines in the presence of copper powder (Mayer, Stein, Ber. 50,1306). 

2,4-Dinitrobonzaldehyde condenses with benzene derivatives in the presence 
of concenf ratc^d H 2 SO 4 to form acridones, with displacement of the negative sub¬ 
stituents (Tanascscu, Bull. [4] 41, 528). 

(S) Acridones (p. 261) are formed by condensation of arylanthranilic acids, 
an adaptation of an anthraquinone synthesis (Ullmann, Ann. 355, 318): 


ITOCO. 

CoTUs. yCelh 

N-Phenylanthraiiilic acid 


■> 



Acridono 


The condensation of phenols (naphthols, or the like) with N-acetylanthranilio 
acid gives similar products (Schopjf, Ber. 25, 1983, 2740). 

9 -Pht)nylacridiuc 8 result from the elimination of water from o-anilinobenzo- 
phenones by means of concentrated H 2 SO 4 (Ullmann, Ernst, Ber. 39, 298; Ull¬ 
mann, Broido, Ber. 39, 356): 
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C„Il6 
I 

Another oxample of this type of synt.hesis is the isomerization of N-arylisatins 
or the elimination of water from N-arylisatinic acid salts by lu^at, yielding salts of 
9-acridimH!arboxylic acids. By a similar reaction this acid is also prepared from 
diphenvhimiiie, oxalyl chloride aiui AICU 3 (Friedlandery Knuz, B(‘r. 55, 1000 ; 
SiotU, J.pr. 105, 137): 

C^OsH 

yCO COOH ylk 

C,IT< -> OeH/ >C.H4 

\nTT-/ 

Tlie acridines are very stable conii)ounds. They are weaker bases 
than the pyridincs and quinolines. They add alkyl iodides to form 
alkylaeridinium iodides, which resembh^ the pyridinium, quinolinium, 
and isoquinolinium iodides (pp. 201, 230, 251), (‘.g., in their conver¬ 
sion to N-alkylacridones by alkaline potassium feriicyanide. When 
reduced, the acridiiu^s yield diliydroatTidines, whi(‘h are readily oxi¬ 
dized back to acridines. Acridine oc(*ui’s in the crude anthracene 
from coal tar. Several of its derivatives are technically important as 
dyes. Because of their antiseptic action, a nun\ber of acridine com¬ 
pounds ai’e used therapeutically; among tliese is trypaflavine or 
acriflavine [Neuschaeferj Med.Klin. 1918, No. 34, 4 pp.; Ncujeld, Srhie- 
manri, Deut.med.Woch. 45 (1919), 844; for a summary of its scope 
of applicability, see Pharm.B(T. (1927), 36]. Many aciidine salts 
find use as seed disinfectants (Ger. Pat. 394255, 1919). 

Acridine, m.p. 110°, sublimes even at 100°. Its solutions show 
a blue fluorescence. It is isomeric with phenanthridine and the 
benzoquinolines. In addition to the general syntheses giveii above, 
it is also prepared from diphenylamine and chloroform by heating 
with ZnClo at 200° {Fischer, Kovner, Ber. 17, .101) and from acridone 
by distillation with zinc dust {Rave, Tollens, Ann. 276, 58). Hydro¬ 
chloride, yc'llow, m.p. 225°. Witli boiling vsodium bisulfite solution 
acridine forms the sodium salt of ^d,l()<iihydroacridine~^d-sulJonie acid, 
which can be used for the sej)aration of acridine from a basic mixture 
{Lehnistedt, mrih, Ber. 61, 2044; Ger. Pat. 440771, 1925, Frdl. XV, 
342). Acridine is oxidized by KMn ()4 to acridinic acid, 2,3-quinoline- 
dicarboxylic acid. Metallic sodium converts it to a metallo-organic 
compound, which reacts with water to give 9,10-dihydroacridine 
{Schlenk, Bergmann, Ann. 463, 281). When the aeridinium com¬ 
pounds (see below) are oxidized, the heterocyclic ring is broken, and 
derivatives of dipheiiylamine-o-carboxylic acid, GcHb-NH •C 6 H 4 *- 
COOH, are formed. 

Halogens react with acridine in chloroform or carbon disulfide solution to give 
loose addition compounds (perhalides) having the formula, Ci 8 H 9 N(Hlg) 2 , 
which decompose into acridine in water, or even partially on standing. Per- 
chloride, m.p. 240°; perbromide, m.p. 187°; periodide, m.p. 145° (Senier, 
Austin, J. 85, 1196). 

2-Methyl- and 4-methylacridine, m.p. 134° and 88 °, from o-aminobenzalde- 
hyde and p- and o-bromotoluene (Jensen, Friedrich, Am. 49, 1049). 


AWh 
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0-Methylacridine, m.p. 114°, from N-acotyldiphenylamine, like quinaldine 
and picoline, forms condensation products with benzaldehydo, with chloral and 
with formaldehyde {Hornbergcr, Jemen, Am. 48,800): Ci 3 H 8 NCH 2 CH(OH)C 6 H 6 , 
m.p. 197° (Friedlander, Ber. 38, 2840), and Cj«H 8 NCH 2 CH(OH)CCl 8 . The 
latter product is transformed by alkali to 9-acridineacr>dic acid, CiaHgNCH:- 
CHCOOH, which is oxidized by KMn 04 to acridinecarboxaldehyde, CisH^- 
NCHO, and then to 9-acridinecarboxylic acid, CisHgNCOOH (Bernthsen, Muh- 
lert, Ber. 20, 1541). 9-Benzylacridine, Ci 3 H 8 (CH 2 C 6 H 5 )N, m.p. 173°, from di- 
phenylamine with pluaiylacetic acid and ZnCb at 200° (Decker^ Hock, Ber. 37, 
1565). 


9-Phenylacridine, m.p. 181°, from diphenyhiraine and benzoic acid, crystal¬ 
lizes from benzene with benz{aie of crystallization. O-p-Dimethylaminophenyl- 
acridine, (Ci 3 H 8 )CbH 4 N(CTI 3 ) 2 , m.j). 279°, by condensation of acridone and di- 
methylaniline with POCb (UUmann, Bader, Labhardt, Ber. 40, 4795). 9-Pheiiyl- 
acridol, see Landauer, Bull. [3] 31, 1083. 9-Acridine-o-benzoic acid, N(C( 5 H 4 ) 2 - 
C/C 6 H 4 COOH, m.p. 347°, is obtained from diphenylamine and phthalic acid; 
when warmed with methyl iodide.^ it is convertial into the hydriodide of its methyl 
(^stor, m.p. 173° (Decker, Hock, Ber. 37, 1007). With fuming sulfuric acid it 
cond(;nses to a compound combining an anthraquinone and an acridine nucleus: 
C 6 H 4 0—06^14 

I I I ; this compound is also obtained from 1 -anilinoanthraquinone, 
CO-CftlbrN 

and resembles th(' ceroxenes (p. 192) in fornnation and behavior \Darmnann, 
(hitlermarui, Z.Farb.Textilcheinio 1 (1902), 325; Decker, Ann. 348, 242]. 


Benz[ a] acridine 


( ^-aaphthacrtdhie), 



6 ) 


m.p. 


13r 


from 


formaldehyde, aniline, and 2 -na,phth()l, from o-aminobenzyl alcohol or o-amino- 
benzyl chloride with 2-naplithoi ((Jllniaim., Bacz'aer, Ber. 35, 2670; Baezner, 
Ber. 37, 3078) and from o-tolyl- 2 -naplithylaminc by oxidation with PbO. An 
unusual formation of the benzacridine nucleus occurs when dihydronaphtho- 
[ 2 ,l- 6 ]furau-l, 2 -dione is digest,(‘d with two molar projiortions of aniline in 
glacial acidic acid, which yields 9-benz[a]acridinecarboxylic acid, m.p. 284° 
(Safteiu, Ber, 58, 1958). Benz[c]acridine (a-7iapkthacridine), 


C«H 



6 


rn.p. 108°, by oxidation of o- 1 olyl-l-naphthylaniine with PbO (Ulhnann, La 
Torre, Ber. 37, 2922). Benz[a|- and beiizlcjacridine are formed pyrogenically 
from N-benzylidene-l - and 2 -naphthyhunine, C'eHsCH.'NCioHT, although N- 
benzylidoiieaniline undiT the same conditions yields pheiianthridine (p. 264), 
not acridine. 

Of the six theoretically possible dibenzacridines, four are known (Simon, 
Mangrin, C.r. 143, 427): dibenz[a/?.]acridine, m.p. 228°, and dibenz[ajl- 
acridine, m.p. 216°, from trioxymethylene and 2 -naphthol with 1 - and 2 - 
naphthylamine, ros])ect,ively (Ullniann, Fciowljian, Ber. 36, 1027. Dibenzfc/?,]- 
acridine, rn.j). 185°, liom dichloromethanc and l-naphthylarnine. The 
fourth isomer, dibenzfa/;]acridine, m.p. 203°, has been prepared by dis¬ 
tillation of the corresponding dibmizacridono with zinc dust (Strohback, Ber. 34, 
4146; cf. MoJilau, Haase, Ber. 35, 4164). Tetrabenz[a,c,/i,j]acridine, diphen- 
anthracridine, from dichloromeihano and 9-aminophenanthrene (Austin, J. 93, 
1760). 

NITROACRIDINES. 2 -Nitroacridine, m.p. 215°, and 4-nitroacridine, m.p. 

167°, by nitration of acridine (Mayer, Stein, Ber. 50, 1306; Lehmstedt, Ber. 60, 
1370). The 4-riitro derivative is also obtained from o-chlorobenzaldehydc and 
o-nitroaniline in the presimce of Cu-powder (Mayer, Stein, Ber. 50, 1306). 

AMINO ACRIDINES. 4-Aminoacridine, m.p. 105°, by reduction of the corre¬ 
sponding nitro compound (Lehmstedt, Ber. 60, 2413). 

CHRYSANILINE, 9-p-aminophenyl-3-aminoacridine: 


NHjCJIa/ XC0II4 
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m.p. 268®, is the principal constituent of the dye phosphin, which is formed as a 
side-product in the manufacture of rosanilino (Vol. Ill, p. 534). The salts are 
red, j 2 five solutions having a yellow-green fluorescence, and dye silk and W()ol a 
beautiful yellow. The formation of clirysanilirie from pararosaniline follows the 
equafljon for method S for the preparation of acridines (p. 257). 

A Hi'ries of amino derivatives of acridine, 9-phenylacridme and tlie C(>rr(‘- 
sjmndirig alkylacridiniurn salts are yellow to orange-red dy(‘s (UUmaiiny MarU, 
Ber. 34, 4307). These include 3,6-diaminoacridine, m.p. 284® (brown-yellow), 
first obtained from t(‘traaminodiphenylmethane by heating with tin salts in an 
autoclave, but- produced in better yield from m-phenylenediamine by heating 
with formic acid in the presence of glycerol and dehydrating ag(mts (Ger. Pat. 
347819, 1920, Frdl. XIV, 799). Acriflavine, trypaflavine, 3,6-d?’ammo-10- 
7nethylacridin,iu7n chloride, used as an antiseptic. Rivanol, 2-ethoxy-6,9-di~ 
aminoacridme lactate (Apoth.-Ztg. 44, No. 58; C. 1929, II, 2074). Acridine yellow, 
2J-dimethyl-3,6-diaminoacridine, prepared from tetraaminoditolylmethane by 
heating wiili hydrochloric acid and oxidizing with f(‘rric chloride, Benzoflavine, 
9-phenyl-3,i^-diamino-2,7-dimethylacridine, m.p. 231®, from benzald(4iyde and 
w-toluylenediamine {Meyer, (hosR, Ber. 32, 2352). 

9-Amino- or alkylaminoacridines, which can be obtained from the reaction of 
9-chloroacridines with ammonia and aliphatic amines, are of inb^rest because of 
their quinine-like action (Ger. Pat. 360421,1939, Frdl. XIV, 800; and numerous 
supplementary pat-cud-s). 

9-Ethylaminoacridine, m.p. 145®, from O-acridinepropionic acid by the Curtius 
rcjiction. 

CARBOXYLIC ACIDS. 9-Acridinecarboxylic acid, m.p. 290° {Lehmdcdt, 
Wirth, Her. 61, 2044). 9-Acridinepropionic acid, methyl <\st(T, in.j>. 95°, by 

heating diphenylamine with succinic acid and ZnCdo at 200° {Jensen, Hmvland, 
Am. 48, 1988).' 

HYDRO ACRIDINES. 9, ft)-Dihydroacridine, m«-acridane. Nil 
m.p. 168°, results from reduction of acridine with zinc dust and hydroddoric 
acid or with sodium amalgam in alcoholic solution. The basic properties of 
acridine are lost in the conversion to dihydroacridine. The latt-er reduces am- 
moniacal silver nitrate with the n*generation of acridine. It htis bf^en found in 
coal tar {Decker, Dunant, Ber. 42, 1178). 10-Methyl- and 10-phenyldihydro- 
acridine, m.p. 96° and 119°, by reduction of the cornisponding acridoiuvs ( Decker, 
Dunant, Ber. 39, 2720; Ullmann, Maag, Ber. 40, 2515). A number of alkylated 
9,10-dihydroacridines have been obtained by Ihf^ reaction of lO-alkylacririinium 
iodides with alkyimagnesium halides: 9,10-dimethyl-, 9-ethyl-, 9-benzyl-, and 
9-phenyl-lO-methyldihydroacridine, CH 3 N(C 6 Tl 4 ) 2 CTI II, m.p. 138®, 72®, 108°, 
and 104°. Oxidation with iodine solution converts th(‘se dihydroacTidines into 
the m(*thy] iodide addition j)roducts of 9-alkylacridin(\s, whi(4i can again ))e 
treated with alkylmagiK'sium halides {Freund, Bode, Ber. 42, 1746). llc'riva- 
tives of 9,9-dialkyl (or diaryl)-9,10-dihydroacridin(‘s have b(‘(‘n i)repared by Hk; 
action of alkyl (or aryl)magnesium haluh's on N-phenylanthranilic acid methyl 
ester {Goldstein, Kopp, ITelv. 11, 478, 486). 

1,2,3,4-Tetrahydroacridines have beem synthesizc'd by adapt-alion of methods 
2 and 4e for the preparation of quinoliiuNS (pp. 226, 228) to ketoravs of the cych)- 
hexane series: (I) by condensation of cyclohexanones with aromatic o-amirjo- 
aldehydes and ketones; {2) by condensation of 2-acylcyclohexan(nii\s with aniline 
and its homologues {Borschc Ann. 377, 70; Ber. 41, 2206). 1,2,3,4-Tetrahydro- 
XHv 

acridine C«H 4 <r ^CeHs, m.p. 55°, is converted to acridine by distillation over 

lead oxide; it is best obtained through its 9-carboxylic acid {Perkin, Sedgwick, J. 
125,2437). 

l,2,3,4,9,10,9a,9b-Octahydroacridme, two racemic forms, m.p. 82° and 72°, 
by further reduction of tetrahydroacridine {Perkin, Sedgunck, J. 125, 2437; 
resolution of the rac. forms: Perkm, Sedgwick, J, 1926, 438). Perhydroacrldine, 
m.p. 80®, b.p. 140° (14 mm.); picrate, m.p. 167” {v. Braun, Petzold, Sc.huUhciss, 
Ber. 56, 1347). Hydrogenated acridim' derivatives have been patented as in¬ 
secticides (Ger. Pat. 409509, 1923). 

ALKYLACRIDINIUM COMPOUNDS. 10-Methylacridiniumiodide, CisH^N- 
(OHjI), reacts like the alkyl iodide addition products of pyridine, quinoline, and 
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isoquiiioline (pp. 201, 230, and 251). With sodium hydroxide 10-methyl-9,10- 
dihydro-9-acridol is formed, due to a rearrangement of the unstable base (Bunzly, 
Deckerf Ber. 37, 570). The methyldihydroacridol is converted by acids to acri- 
dinium salts, by alkaline potassium lerricyanidcj solution to lO-methylacridone, 
and by warming with aqueous sodium hydroxide alone to a mixture of 10-methyl- 
dihydroacridine and 10-methyiacridoiic {Pictet, Fairy, Ber. 35, 2534): 


A NaOH 00^ /-> 

ill; (CgHO,: N< >C(C^«H4)2NCd]3-< 

^CITa HI IK \-> OC(G6ll4)2NCH3 


By an analogous reaction, 9-phenyl-lO-methylacridinium iodide yields 9- 

CftHsv 

plienyl-lO-methyl-9-dihydroacridol, ^^^C(C 6 H 4 ) 2 NCH 3 , which is also ob¬ 
tained from 10-m(4liylacridone with ])henylmagnesium bromide, and which re¬ 
generates the acridinium salts when treated with acids {Bunzly, Decker, Ber. 37, 
575). Instead of the hydracridol, l()-methyl-9-benzylacridinium iodide gives 10- 
methyl-9-benzylidenedihydroacridine, CVIUCH; CCGelB) 2 NCH 3 , m.p. 141°, 
which decomposes readily into benzaldehyde and 10-methylacridone {Decker, 
Hock, Ber. 37, 1564). By an analogous reaction, the methyl iodide addition 
product of 9-acridin(‘benzoic acid est(‘r is convc'rted by aqueous sodium hj^droxide 
into lO-methyldihydro-9-hydroxyacridinebenzoic acid lactom;, m.p. 245°, which 
yields the methyl chloride addition product of acridinebcmzoic acid when treated 
with hydrochloric acid {Decker, Hock, Ber. 37, 1002): 


coocih A coov 

1 ^C: (C„H4)2! N< -^ 1 >C(C6H4)2NCH3 -^ 


CO-Ji 

6 oH/ 


•C: (C'JI,)o| N<^ 


Cl 

cn. 


With ^alkylrnagnesium halides the alkylacridinium iodides give 9,10-dihydro- 
acridines (sc^^ above), and with potassium cyanide, 10-alky 1-9-cyanodihydro- 
acridines {Freuud, Bode, Ber. 42, 1740; Kaufmaim, Alhertini, Ber. 44, 2052): 


NC 

II 


^C(CeIT4)2NCH3 


KCN 


CHi ((JJT 



CH.Mgl 
-> 


CH3V 

>C(CoH4)2NCH, 

IT/ 


/COv 

9 ( 10 )-ACJlIDONE, 9 -oxo- 9 , 10 -dihydroacridine,C 6 H 4 <( >CeH 4 , m.p. 354°, 

is prepared from acridine by the action of calcium oxychloride in the presence of 
cobalt salts. It is synthesized from phcmylanthranilic acid with H 2 SO 4 at 100 ° 
and from salicylanilide by dry distillation, presumably after a preliminary re¬ 
arrangement into phenylanthranilic acid; salicyltoluides yield methylated acri- 
dones {Pictet, Hubert, Ber. 29, 1189). An interesting formation of acridone is the 
rearrangement of C-phenylanthranil when heated alone or by the simultaneous 
action of concentrated H 2 SO 4 and nitrous acid {Kliegl, Ber. 42, 592; Bamberger, 
Ber. 42, 1716): 



{cf. the conversion of C-methylanthranil into indoxyl). With methyl iodide and 
alkali, acridone gives lO-methylacridone, CO(C«H 4 ) 2 NCH 3 , m.p. 203°, whose 
formation from methylacridinium iodide is mentioned above. With phosphorus 
sulfide the product is thioacridone, 94hio-9,10-4ihydroacridine, CS(C 6 H 4 ) 2 NH 
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or HS*C((’ 6 H 4 ) 2 N, m.p. 275°, which is also obtained from acridine by heating 
with sull'ur, Thioacridono is acidic, and is alkylated on th(‘ sulfur atom by alkali 
and alkyl halides: 9-methylmercaptoacridine, N(C\iH 4 )‘jC^‘^CH 3 , m.p. 114°. 
With PClb, botli acridone and thioacridono give O-chloroacridine, m.p. 119°. 
9-Bromoacridme, m.p. 116°, from thioacridoiie with phosphorus bromide. 9- 
lodoacridine, m.p. 169°, from bromoacridine with NaJ (Edingcr, Arnold, J.pr. 
64, 471). When 10-m(*thylacrldo!ic is heated with PCli,, 10-m(4hylch]oroacri- 
diniiim chloride, m.p, 7.‘1 °, is formed ; this reacts with aniline to give lO-methyl-9- 
anilinoacridinium chloride, the hydroxide of which can be coti verted by elimina¬ 
tion of water to the anil of lO-methylacridone, CeH^N :C(tVJl 4 ) 2 NCH.i, m.p. 163° 
(Fischvf, Demelcr, Ber. 32, 1309). Acridone is reduced by zinc dust to acridine, 
and by Na and alcohol to dihydroacridin(\ For the reduction of 10-rnethylacri- 
done, see Decker, Dunmd, Ber. 42, 1176. lO-Phenylacridone, CO(CgH 4 ) 2 N- 
CgHoi m.p. 276°, from diplamylanthranilic acid and conco'ntrated H 28 O 4 {Cold- 
berg, NijneropCcy, Ber. 40, 2450). 

Tlio f(41owing derivatives an^ obtainc'd by methods similar to those used for 
acridone its(df: 4-methylacridone (I), m.p. 346°; 2-methylacridone, m.p. 338°; 
2 , 4 -dimethylacridone, m.p. 297° {Kaufviann, Ann. 279, 281; (Jllmann, Ann. 355, 
518 ); benzacridone (II), dibenzacridone (III) (see Schopjf, B(t. 25, 2744). 


(I) 


ClUCdl 



4 


( 11 ) 



(III) CioH. 



6 


For naphthacridinetrione, s(M‘ Ullmonv, Sohc, Ann. 380, 336; Ger. Pats. 221853 
and 237236 (1910) and 246966 (1911), Frdl. X, 703, 708, 725. 

/COv 

1,2,3,4-Tetrahydroacridone, CeH/ ^CeHs, m.p. 238°, by condensation of 

\NIK 

cyclohexanone with anthranilic acid {Tiedthe, Ber. 42, 621; Perkin, Sedgwick, J. 
125, 2437). Decahydroacridine-l,8-dione, CH2(CJl60)2NH, from 2,2',6,6'- 
tetrahydroxydiphenylmethane with alcoholic NHs, is reduced with zinc dust to 
acridine, and is oxidized by N2O3 to octahydroacridinedione, m.p. 141 ° (Vorlandcr 
Ann. 309, 353). 

Peculiar acridiiui derivatives are formed by the condensation of acylcarbazoles 
{Bizzarri, Gazz. 21, II, 158, 351): 



N-Benzoylcarbazole U-Phenylcarbaza(uidine, m.p, 186° 

The compounds containing an acridine nucleus joined to one or two pyridine 
nuclei or a quinoline nucleus are known iis pyracridines or quinacridines: 




Quin f2,3-6 Jacridine, 
2,3-Quinacridin e 



Quin[2,3-a]aoridiiie, 

1,2-Quinacridine 


Dipyrid[3,2-a, 2',3'-yJacridine, dipyracridine, m.p. 303°, is formed by the 
condensation of dichloromethane with 6-aminoquinoline; beiizo[a]pyrid[2,3-y]- 
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acridine and benzo[/ilpyrid [3,2-a] acridine (the naphthopijndacridines)^ m.p. 
220 ° and 268°, are prepared from dichloromethane with 6 -aminoquinoline and 
2- and l-naphthol (cf. method 2 for tlie synthesis of acridines, p. 257) (Scnier, 
Compton, J. 95, 1023). 

Quin [2,3-5) acridine, yellow needles, m.p. 245°, is obtained from the product 
of the condensation of p-phenylenedianthrariilic acid with concentrated H 2 SO 4 , 
quinacridone (1), yellow mn’idles, m.p. 394°, by reduction with sodium and 
alcohol to the dihydroquinacridine, n^d needles, m.p. 243°, and subsequent 
oxidatJon with Feds or HNOo. The (juinacridone is converted by oxidation with 
Pb 02 in benzene in th(^ i)ri\sence of glacial acetic acid to a compound containing 
two less hydrogen atoms, the quinone-like dehydroquinacridone (II), which 


(I) Cell 




f¥l4 (II) 


forms blue-black flakes giving a blue solution with benzene and which has strong 
oxidizing properties {Ullnuvm, Maag, Ber. 39, 1693; 40, 2522; Kalb, Ber. 43, 
2200 ). 

The isomeric quin [2,3-a] acridine, m.p. 213°, is prepared by zinc dust distilla¬ 
tion of the hydroxyquinacridone formed w’hen phloroglucinol and anthranilic 
acid arc heated together: 

/COOH yCO. AX). 

2 Cell/ + C'filhOa -> (Vdl/ >(^cII((>II)< >C6H4 

\NH 2 \NIK 

Phloroglucinol condenses similarly with o-aminolxaizaldehydo to quinacri- 
dinol, garnet-black needU^s, m.p. 36()°; at the same time 1 mol of the first reac¬ 
tant condenses with 3 molsof thesecond togive phloroquinyl, (liqum [2,3-a, 2 ',3 '-cl 
acridine: 


Ft, 



4 


I 3 


yellow-brown needkis, m.p. 403°, a ring homologuc of pyrido[2,3-/][l,7jphen- 
anthroliiie (p. 265) (c. Nicnietdowski, Ber. 29, 76; 39, 385). For biacridines, 
see Bcizner, Ber. 39, 2650. 


(e) Phenanthridine 

Plieiuinthridiiie may be regarded as a benzo derivative of quino¬ 
line, and also of isotiuinoline. Its name is derived from plienanthrene 
and pyridine, since its formula is the pli(^nanthrene forntula with a 
nitrogen atom in place of one of the middle me thine groups: 


9 



5 6 


Phenanthridine is isomeric with the benzoquinolines (p. 247). 

Pbenanthridincs are prepared by heating the acyl d(^rivatives of o-aminodi 
phenyl {Pictet, Hubert, Bor. 29, 1182): 


CeH.OrCH 




I li 

N 


CeHA-CCHa 


CeTEOlCCHa 

—iIjh 



264 SIX-MEMBERED RINGS WITH ONE HETERO ATOM 


Phenanthridine, m.p. 104°, b.p. over 360°, is also obtained by pyrolysis of 
N-benzylidencaniline (optimum temperature; 800°, porcelain tube: Pyl, Ber. 
60, 287): 


CeHsCH^NTlCelli -^ 

Tho corresponding N-benzylidenenaphthylamines give derivatives of acridine 
(see p. 259). Also, benzyl aniline, containing two more atoms of hydrogen, gives 
acridine when decomposed with a glowing platinum wire {Meyery Hofmann, Ber. 
37, 681). 

Phenanthridine is formed from N-methylcarbazole in the same way that pyri¬ 
dine is obtained from N-methyIpyrrole (p. 201), and quinoline from 2-methyl- 
indole (p. 229, and Pictet, Ber. 38, 1950): 



NCIIs 


-211 CiMi—CH 

—> I II 

CeH,—N 


It is also prepared by tho distillation of phenanthridone with zinc dust. Oxidation 
with calcium oxychloridi' and cobalt nitrates converts it to phenanthridone {Pic¬ 
tet, Patry, Ber. 26, 1961) and reduction with tin and hydrochloric acid, to di- 
hydrophenanthridine, m.j). 90° {Pictet, Ankersmit, Ann. 266, 142): 


6-Methyl-, 6-ethyl-, and 6-phenylphenanthridine, m.p. 85°, 55°, and 109° 
{Pictet, Hubert, Ber. 29, 1184). 

.1 I 

6 (5) -Phenanthridone, C 6 H 4 C' 0 —NHC 6 H 4 , m.p. 293°, is obtained from phe- 
nanthrene via diphenamic acid by treatment with bromine and alkali {Oyster, 
Adkins, Am. 43, 208): 




- 

OONII 2 t^OOH 


c«ri. 


j__- 

NH 2 COOH 




\ 


/ 


7 CJI 4 


NH~CO 


Phenanthridon(‘s substituted in the benztuH' nucleus have been synthesized 
by this method {Moore, Huntress, Am. 49, 1324). Phenanthridoiu^ also results 
from th(^ rejirrangeraent of 1 -aminofluorenone on fusion with alkali and of fluore- 
none oxime by means of zinc chloride or PCds {Moore, Huniress, Am. 49, 2618), 
and finally from o-diphenylylurethan, C«H 5 CbH 4 NIJ CO 2 C 2 H 6 , by heating with zinc 
chloride {Grad)e, Lagodzinski, Ann. 276, 35; Graehc, Schestakow, Ann. 284, 306; 
Kerp, Ber. 29, 230; Pictet, Hubert, Ber. 29, 1188). It can be prepared from 
phenanthridine by boiling with calcium oxychloride in the presence of cobalt 
salts {Meyer, Hofmann, Mo. 37, 701). With PCh phenanthridone gives 6 - 

I-1 

chlorophenanthridine, C 6 H 4 CCI—NC 6 H 4 , m.p. 110°. 5-Methyl -6 (5)-phenan¬ 
thridone, m.p. 108°, is also formed from 5-methylphenanthridinium iodide, 
CjaHsN'ICHs, wuth aqueous sodium hydroxide, together with the steam-volatile 
5-methyldihydrophenanthridine, C 18 H 20 NCH 8 {Pictet, Patry, Ber. 35, 2534) 
{cf. the analogous reaction with the pyridinium, quiriolinium, and isoquinolinium 
compounds, pp. 201, 230, 251). 

3-Nitro-6(5)-phenanthridone, m.p. 349°; 8-nitro-6(5)-phenanthridone, m.p. 
293° {Hozer, v. Niementowski, J.pr. 116, 43). 

CioHcNH 

Benzo[c]phenanthridone, a-naphthophenanthridone, | I , m.p. 332°, 

C 6 H 4 CO 

CeH4NH 

and benzo[i]phenanthridone, ^-naphthophcnanthridojie, | ' ) , m.p. 338°, 

CioHfl'ClO 

from o£- and jS-chrysodiphenamic acid, are converted by distillation with zinc dust 
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ink) benzofrlphenanthridine, m.p. 135®, and benzo[?]phenanthridine, rn.p. 182® 
(Graehej Ann. 335, 124). 

The ring systems treated in the last four sc'ctions contain a pyridine ring 
combined with one or more benzene rings. The reverse situation, in whicli a 
benzene ring is flanked by several pyridine rings, occurs in a number of ring sys¬ 
tems. (There are 28 possible isomers.) Here also there is a teiuhsK^y toward 
angular union of the third ring. 

The most important of thes(' systems are the phenanthrolines (I, IT, 111): 


(I) 



1,10-Pheuanthr )lin(', 
o-Phenantlir 


( 11 ) 



1,7-Phenanthroruie, 
//?.-Phenanthroline 



4,7-Phenant]irolin(% 

p-l'litmanthrolinc^ 


They are prepared by a double JSkraup synthesis from o~, ra-, and p-phenylene- 
diamine or by tlui formation of one pyridine ring, starting from 8-amino- (for I), 
7-amin()- (for 11) and 6-aminoquinoline (for III). While with o-phenylenedi- 
amine the reaction can only produce I, with rn- and p-phenylenediamine, a linear 
arrang(‘m(ud- is also possible for the two pyridine rings; this would lead to ring 
systems of the following type, for which members are not yet known: 




1,9-Derivative, 
Pyrido [3,2-(7 Iciuinoline* 


1,6-Deri vat iv(', 
Pyrido 12,3-^ jejui noli lie* 


That the angular ring systems are formed exclusively is (wiilent from the 
products of their oxidation, dicarboxylic acids which are converted by decarboxy¬ 
lation to derivatives of 2,2'-, 2,3'-, and 3,3'-bipyridines (Smith, Am. 52, 397). 

l,10(or o)-Phenanthroline, hydrate m.p. 102®, anhydrous m.p. 117°, b.p. 
360°, from o-phenylenediainine by the Skraup synthesis; with silver salts, on 
oxidation with ammonium persulfate, it forms a very stable complex salt of di¬ 
valent silver (Hieher, Miihlhaver, Ber. 61, 2149). 1,7(or rrO-Phenanthroline, 

Ci 2 H 8 N 2 (+ 2 H 2 O), m.p. (65°) 78°, from w-diaminobeuzene (Smith, Am. 52, 
397) or 7-aminoquinoline (Skraup, Vortmarm, Mo. 4, 569; Marckwald, Ber. 23, 
1016). 4,7(or p)-Phenanthroline, pfieudophenanthroline, m.p. 173°, from 3- 

aminoquinoline, p-diaminobenzene (Smith, Am. 53, 397) or aminoazobenzfme 
with glycerol and sulfuric acid, is oxidized by KMn 04 to 2,3- and 3,3-bipyrjdine- 
dicarboxylic acids (p. 206) (Kaujmann, Radoh’vit, Ber. 42, 2612). For phenyi- 

l, 7- and phenyl-4,7-phenanthrolinecarboxylie acid, from 7- and 6-aminoquino¬ 
line witli benzaldehyde and pyruvic acid, see Willgerodt, Jahlonski, Ber. 33, 2918; 
Willgerodt, v. Neander, Ber. 33, 2928. 

In conclusion, p3rridol2,3-/l [l,7]phenanthroline, phenotripyridine, Cr(C 3 H 3 N) 3 , 

m. p. 236°, should be mentioned. This compound, which contains three pyridine 
nuclei joineid to a benzene nucleus, is prepared from 1,3,5-triaminobonzene by the 
Skraup synthesis; it is very resistant to oxidizing agents (Pirtet, Barbier, Bull. 
[3] 13, 28). 


* These two compounds have since been reported: Ruggli, Stauh, Helv. 20, 
919; Ruggli, Preiswerk, Helv. 22, 484. 
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4. SYSTEMS CONTAINING TWO OR MORE ADJACENT 
CONDENSED HETEROCYCLIC RINGS 


(a) Heterocyclic Rings Having C—C in Common 

1. The carboline bases, hnrmyrinc and norharman^ coniain a combination of a 
pyridine and a pyrrole or indole ring: 


5 4 



9-Pyrid [2,3--?>]ind()lo, 
Carboline, m.p. 210° 


4 




5 

N 6 


1 II 7 

1-Pyrrole f2,3-c ]-pyri- 
dine, Harrnyrine 



N 2 

8 H 1 

0-Pyrid [3,4-6 ]-indole, 
Norharman 


Carbolinivim compounds have been prepared from 2-chloropyridine and o- 
phenylonediamine over various intermediate products (Lawson, Perkin, Robin¬ 
son, J. 125, 62b). 

The most important of these compounds is norharman, since it is the parent 
compound of a series of alkaloids in the rue of the Turkestan steppes (Peganum 
harrnala,), including harmeline and harmine (sec the section on alkaloids). 

For th(i s^mthesis of the norharman structure, several methods have beem 
developed: (/) Starting from S-i^-arninocthyl)indole, by joining the pyridine 
ring according to the isoquinoline syntheses (Spdth, Lederer, Ber. 63, 120, 2102). 
(S) Starting from N-substituted indole-2-carboxylic acids, which are reacted in 
the form of their acid chlorides with /3-amiuoacetaldehyde or its dimethyl acetal, 
to form an intermediate product which is converted into l-oxo-l,2-dihy(lro- 
norharman by warming with alcoholic JR4 (Kermack, Perkin, Robinson, J. 119, 
1602; 121, 1872). (S) From tryptophan, which condenses with formaldehyde 

(or other aldchj^dcs) to form norharman-3-carboxylic acid, from which norhar¬ 
man can be obtained (Kcrmmk, Perkin, Robinson, J. 119, 1002; cj. Akat/ori, 
Saito, Ber. 63, 2245): 


Y ui 


cn, 


/CIE 




2 


2 


\ 


CH-00011 
NHs 



CH-COOH 



(3) 
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The last synthesis is of interest from the physiological viewpoint, since it is 
an indication of the course of the synthesis in the plant of the alkaloids of this 
series. 

A pyridine ring directly condensed to a pyrrole ring occurs in pyrindigo: 



th(i analogue of indigo in the pyridine series. It is produced from 3-aminopicolinic 
acid by the same methods used in the synthesis of indigo (Sucharda^ Ber. 58,1724). 

QUININDOLINES (I) and quindolines (II) have a quinoline ring fused 
witli an indole ring. They are also known as peri- and ana-quinindolines, respec¬ 
tively : 



Quinindoline, peri-quinwdolinr, m.p. 343°, is formed by reduction of or-cyano- 
4,4'-dinitrobibenzyl, I\ 02 Cftn 4 C'H 2 CUT(CN)C 6 lT 4 N 02 , with alcoholic am¬ 
monium sulfide (p. 236 and Soderbaumy Ber. 30, 3020). An interesting isomeriza¬ 
tion to d-quiniiidolinecarboxylic acid, yellow, m.p. over 300° (with decarboxyla¬ 
tion to quinindoline) occurs when isoindigo (p. 84) is treated with alkali (Fried- 
Findery Sandery Ber. 57, 650). Another quinindoline synthesis starts from 2- 
chloroquinoline (LawHony Perkiriy RobiriHoHy J. 125, 626). The isomeric quin- 
doline, ana-quinin<loline, m.p. 248°, is obtained by condensation of indoxyl or 
indoxylic acid with o-aminobenzaldehyde or by reduction of the quinindolinediol: 


N=-=C—C 6 H 4 
‘\C(OH):([;-N(OH) 


m.p. over 300°, with ITT and phosphorus; the latter compound results from the 
action of alcoholic sodium hydroxide solution on 4,4'-dinitrobibenzyl-Q;-malonic 
ester. Quindolinecarboxylic acid, C15TI9N2CO2H, is prepared by condensation 
of indoxyl with isatinic acid in alkaline solution or, with intermediate formation 
of these components, by heating indigo with sodium hydrosulfitc and alkali 
(Fichtcry Rohner, Ber. 43, 3489; Noe.ltingy Stcuery Ber. 43, 3512). 

3. For compounds containing a pyridine ring combined with a benzimidazole, 
indazole, or benzotriazole ring, see Frieay Ann. 454, 121 . A bicyclic system of a 
pyridine and a thiophene ring is the basis of thiopyrindigo [Plazekj Sucharda, 
lioczniki Chem. 7 (1927), 187]: 


CO 



4 . The naphthyridines contain two pyridine rings fused together. Only the 
most important of the isomers are mentioned here. 

1,8-Naphthyridine (III), gold salt, m.p. 225° (dec.), is formed by reduction 
of 2,4-dichloro-l,8-dinaphthyridine, which is obtained in turn from 1,8-naph- 
thyridine-2,4-diol, the product of the condensation of 2-aminonicotinic acid ester 
and malonic ester (Rollery Ber. 60, 407, 1572). However, the Skraup synthesis 
cannot be applied to 2-aminopyridine (Seide, Ber. 59, 2465). Oct^ydro-1,8- 
naphth 3 rridine, platinum salt, m.p. 212°, has bmi synthesized by distillation of 
di-(y-aminopropyl)acetic acid (Reisserty Ber. 27, 982). Benzo derivative's of 1,8- 
naphthyridine, called naphthinolines, have been reported ( Reissert, Ber. 27,2244; 
KoUefy Strangy Mo. 50, 144). 
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(III) 




4 


(V) 




],5--Naphthyridme (IV), m.p. 75°, from ‘^-aminopyridino by tho Skraup syn- 
tbo.sis, and from o-aminopioolinio acid with ]>hlorof’;lucinol {Bolminski, Siicharda, 
Ber. 60, 1082). 

2,5-Naphthyridine (V), honzo di'rivativcs of this iiaphthyridino have been ob¬ 
tained by the action of o-aminohenzald(hyde on 2,4,6-i)yridinetriol. 

For tlie [ireparalioii of derivatives of the 1,6- and \ J-naphthyridineSj see 
Ber. 37, 2129; of 2J-riaphthyrvlinf\ Si'Q (jlahrud, Caiman, Ber. 35, 1358. 

(b) Heterocyclic Rings Having C—C—C in Common 

Few examples t)f this <yi>e an' known. In pydine, P>-ox-7~azahicycl()[3,S,l]- 
nonane (I), there is a. Ihcyclic combinat ion of a pyrane and a piperidine ring;, and in 
bispidine, 3,7Hliazabicy(io[lj,3,l]?LOtianc (IT), an analogous one of two piperidine 
rings: 


(T) 


t:iio (01 cii, 

! I I 

0 COIo NFi 

I I I 

Pydine 


IBtJ -CIJ —CU, 

I I ! 

11N CIB NH (11) 

H2('!-(';n2 —(*:h2 

Bispidine 


Derivatives of both ring syshuns hav<‘ bet'n synthesiz(Nl by joining a pijx^ridine 
ring in the 3,5-position of 4-])yron(^ or 4-pyri<lone derivatives with formaldehyde 
and methylamine (Mannick, Mohs, Ber. 63, (504, (508). 


(c) Heterocyclic Rings Having C —N in Common 

1, Pyrrocoline, indolizinCf j)yrroLo\l,2-a\ pyridine: 

I II 

. N-(;n 3 

h 

Th(^ parent substance, pyrrocoline, m.p. 75° (colorless ikhmUcs), was first 
prepared by heating pirolide {i,3-duicelylpyrrocolin(') with hydrochloric acid 
(Scholiz, Ber. 45, 734; SchoUz, Fraude, Ber. 46, 1069). It is also obtained in 
small yield from 2-picoline and bromoacetaldehyde {Tschitschibabin, Ber. 60, 
161(5). Pyrrocoline possesses almost no basic ])roperties, but otherwise it is very 
similar to indole (pine-shaving reaction, condensation with aldehydes and ke¬ 
tones, coupling witn diazo compounds). In solution, especially in benzene, pyr¬ 
rocoline shows a strong violet fluorescenci}. 

Alkylpyrrocolines are prepared by the action of halogeno ketones on 2-picolino 
and 2,6-lutidine in good yield: 2-meihyl-, 2-phenyIpyrrocoline, m.p. 68°, 215° 
{Tschitschibabin, Ber. 60, 1614). When pyrrocoline is heated with acetic an¬ 
hydride and sodium acetate, either 3-mono- or \ ,3-diacctylpyrrocoline, m.p. 176°, 
is formed, depending on conditions; the latter is identical with picolide, the 
reaction product of acetic anhydride with 2-picoline {Tschitschibabin, Stepanov), 
Ber. 62, 1008). 

2. Imidazoi 1,2-a]pyridine, pvrimidazole: 
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7 

6 


1 

\ 


.-A/ \CH 


^/4 

5 


is obfaintsd from 2-amiuopyri(iifio, a rearfioii analogous to the formation of pyrro- 
colirie from 2-])icolino: 

The imidazopyridine and its alkyl honiologiies are formed when 2-aminopyri- 
dine is heated with halogeno aldehydes or haJogeno ketones in a seak'd tube; the 
2-aminopyridine (‘liters the reaction in its tautomeric form as iminodiiiydropyri- 
dine {'TschUschibabiyt^ Ber. 58, 1704): 



NH 




+ 


0:CR 


i—1.1 

V 


Imidazo[ 1,2-a]pyridine, pyrimidazole, b.p. 153-155(27 mm.) {T^ichiMii- 
habin, Ber. 58, 1706); 2-methylpyrimidazole, b.}). 118° (20 mm.); 2-phenyl- 
pyrimidazole, m.p. 140° (7^s•c/^/^s•c/rd.tt/hn, Ber. 59, 2052). 

Oxo derivativ(‘S of 2,3-dihydroimidazo| 1,2-n] jiyridine, also known as 2- 
pyrimi(lazolo7U‘i^, an^ prepar(‘d by the action of chloroa(;(‘tic acid on 2-aminopyri- 
dino {lieindd, Ber. 57, 1381 ; Tschitschibabin, Ber. 57, 2092). 2-Pyrimidazolone, 
m.p. 169°, picrate m.p. 207°, is obtained from the n^aidion product of chloro- 
acetic aci(l with 2*aminopyridine, 2--imino-'l,2-dihydropyridine-l-acetic acid, 
m.p. 250° (d(^c.): 



Nil 


N—0112 coon 


by boiling with alkali {Reindd, Ber. 57, 1383) or with concentrated hydrochloric 
acid {TschUi^chibabint Ber. 57, 2097). P 3 U-imjdazolone forms salts with 
both acids and alkalis. Its methylene group condenses readily with aromatic 
aldehydes {lieivddj v. Pntzcr-Hcybcggy Ber. 59, 2926). Oxidation with potas¬ 
sium ferricyaiiide in alkaline solution gives a red vat dye, whose constitution is 
uncertain (cf. Re/uiddy Rausch^ Ber. 59, 2921). 2-I%rimidazoIe-8-carboxylic 
acid, m.p. 220°, from 2-aminonicotiTiic acid and chloroacetic acid {Fromm, Jold, 
Mo. 44, 297). 

Tlie (lye obtained by Bcdhoim from (pimaldic acid and acetic anhydride (Ber. 
37, 2371) and also from cpiuialdic acid chloride and quinoline (Ber. 38, 2127) has 
been investigated by Widand (Ber. 61, 2371), who has assigned it this structure: 



(d) Heterocyclic Rings Having C—N—C in Common 

The most important ring systems in this group arc nortropane, 8-azabicyclo- 
[3,2,1] octane, and granatanine, 9-azabicyclo[3,3,1]nonane, which are the 
parent compounds of several important alkaloids. 
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Nortropane 

[6j H,C-ClI- Clh 141 


I 

[8j NH CH, f'^l 


m H.c- 


m 


-c\h m 


[1] 


Granatanine 

[6] HsC—cii—(:ii2 14] 
17] II,C^ [9I NH CHo [3] 

I I I 

|8J HjC-CH-CfL 12] 


The former contains a iiyrrolidino and a piiieridint' ring, and the latter, two 
piperidinti rings, having the grouping C—N— C in common. For the proof of 
the constitution of the two ring systems, their most important reactions and their 
synth(‘sis, see the sections on the related alkaloids: tropane alkaloids, ]). 340, 
and pseudopelleti(‘rine, p. 348. 


(e) Heterocyclic Rings Having C—C—C—N in Common 

Of the condensed ring systems in which this grouping is sharc'd by two rings, 
quinuclidine must bo mentioned: 


If 14] 

Cs 


[6] H^C 


m HoC 


171 CH 2 


CII2 m 


f«l 


■CII 2 12] 


HI 

Quinuclidine, l-Azabicyclo(2,2,2loidane 


It was discovered by W. Koidgs as a constituent of the cincliona alkaloids, 
quinine and cinchonine. It was synthesized from 4-piperidineethanol (p. 224). 
The most important decomposition reactions are treated in connection with the 
cinchona alkaloids. 


II. SIX-MEMBERED RINGS WITH TWO OR 
MORE HETERO ATOMS 


Six-membcrcd rings containing two or more atoms of oxygen or sulfur as ring- 
members occur in a number of substances which have biHui dixscribed in connec¬ 
tion with related compounds. Kings con8truct.(‘.d of 4 carbon and 2 oxygen atoms 
(o-f m-, and p-dioxines) are found in the dialkylene ethers, such as p-dioxane 
(diethylene dioxide), and in the anhydrides of a-hydroxy carboxylic acids, such 
as diglycolide (2,5-p-dioxanedionc) and diglycolic anhydride (2,6-pKlioxanedione). 
Condensation of formaldehyde with nitrophenols produces derivatives of 1,3- 
benzodioxane [Chnttawayf Calverty Anal.soc.esp.fis.qufm. 26 (1928), 417]. Two 
sulfur atoms are contained in the six-mombered ring of p-diihiane (diethylene 
sulfide) and of ihianlhrcne (di-o-phonylene disulfide) {FrieSy EngelbertZy Ann. 407, 

194; Fries, Koch y Stiikenhrocky Ann. 46By 162). Phnioxai/Uin, ^Cel'K, 


has an 0- and an S-atom in its ring (DreWy J. 1928, 506); phenoxaselenin (Drew, 
J. 1928, 511) and phenoxaiellurin (Drew, Thomason, J. 1927, 116) are similarly 
formed with an O- and an So- or Te-atom. The compounds produced by the 
polymerization of aldehydes and thioaldehydes, such as trioxymethylene (s- 
trioxane), trithiomethylene (e-trithiane), and paraldehyde (cf. p. 3 n.), have 3 O- 
atoms or 3 S-atoms in their rings. 
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AZINES* 

As in the five-membered rings, those six-rnembered rings in which 
nitrogen occurs among the two or more hetero atoms merit more 
consideration. Their formulas can be derived from the furan, thio¬ 
phene and pyrrole rings by replacement of the methirie groups (see p. 
89 for an analogous derivation of the azoles), and they are known 
collectively as azines. A schematic summary of the six-membered 
rings containing two or more hetero atoms has been given from this 
point of view in the introduction (p. 6). 

Six-membered rings with the hetero atoms; N and O, 2 N and O, 
2 N and 2 O are called oxazines, oxadiazines (azoxazines), and dioxa- 
diazines; those with N and 8, and 2 N and 8, are called thiazines and 
thiadiazines, while those containing 2, 3, and 4 N-atoms are known as 
diazines, triazines, and tetrazines. Position isomers of azines con¬ 
taining two hetero atoms are distinguished by the symbols o-, m-, and 
p-, or by numbers, according to the position of the hetero atoms; e.g., 
?;i-oxazine = 1,3-oxazine. For the numbering of heterocyclic rings in 
general, see p. 8. 


SIX-MEMBERED RINGS WITH TWO 
HETERO ATOMS 


1. OXAZINES 


(a) The riug of 1,2-oxazine, or o-oxazine: 


4 3 

ihc—cn^N 2 

1 

6 6 

1,2,4-Oxazine, 

4-Mo thy leiie form of o-oxazinc 


HC -H(J—N 

I! I 

HC-CHj—O 
1,2,6-Oxazine, 

0 -Methyleno form of o-oxazine 


This ring occurs in the oxime anhydrides of the y-aldohyde and 7 -ketone car- 

BrCCHrN 

boxy lie acids, smdi as the oxime anhydride of mucohromic acid, || | (Bis- 

BrCCOO 

trzyckif Simonis, Ber. 32, 536), and the oxime anhydride of ^-benzylidenelevulinic 
axidy whicii bear the same relation to the oxime anhydrides of the 5-oxo carboxylic 
acids, the isoxazolones, (p. 120), as the 5-lactones do to the 7 -lactoneH (Dolfuss, 
Ber. 25, 1930). The ring closure of the oximes of o-formyl ben zoic acid and o- 
acylbenzoic acids takes place without difficulty, producing derivatives of 2,3,1- 
benzoxazine: 2,3,1-benzoxazin-1-one (I), from phthalaldehydic acid, rearranges 


‘^co—o 


_i) 


(II) 


readily to the isomeric phthalimide (Allendorff, Ber. 24, 2347), with intf^rmediate 
formation of o-cyanobenzoic acid (cf. indoxazenes, p. 122). 4 -Methyl -2,3,1- 

benzoxazin-1-one (11), m.p. 179° (GabrUly Bor. 16, 1995). 


Fierz-David: Ktinstliche organische Farbstoffe (Springer, Berlin, 1926). 
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(b) The 1,3- or m-oxazine ring: 


f4] 

ju: 


-It 


-CH [2] [/.] 

II I 

nc-du-o m 

IB] m 

1,3,()-Oxiizin(‘, 

fi-Metliylciu* form (jf //i-oxjiziiic 


H 2 C—N=cn 

I I 
Hc==cn--o 

1 ,3,4-Oxazine, 

4-Metliyk^ne form of m-oxazine 


a, Pentoxazolines, or r>,6-dihydro-l,3,4-oxazines, are prepared from 7 - 
bromoalkylamides by elimination of HBr, wliich is analogous to the formation of 
oxazolines (p. 137) from jS-bromoalkylamides {Gabriel, ELfeldt, Ber. 24,3213): 

CHo—CII2 - NH CH2—CH2—N 

I I -» I II 

(Jll.l'.r (XJC'JIs (III., -O-CC’„H„ 

N- 7 -Biornopropylbciiz- 2-Plienyl-rj,6-(iihy(iro-1,3,4- 

ainide oxazifie 


2-Phenyl- 6 -methyl- 6 , 6 -dihydro-l ,3,4-oxazine and 2-phenyl-4,4- 6 -trimethyl- 
5,0-dihydro-1,3,4-oxazine, rn.p. 32°, are obtaiiud from 7 -chlorobutyl- and 7 - 
brornoisolioxylbenziunide {cj. ]). 277). 

2 -Allylamino- and 2 -phenylaniino- 6 -methyl- 5 , 6 -dihydro-l, 3 , 4 -oxa 2 ine, or N- 

allyl- and N-phenT/lbiityle/ie-psewIoarea: 

Cl 12 -CH 2 —N 

I II 

CIl(EIIa)—O--C(NHR) 

from 7 -chlorobufylamine with allyl and phenyl isothioeyanate {Luchmann, Ber. 
29, 1428; Kahan, Ber. 30, 1319). 

Acyl derivative's of /3-amino carboxylic acids, when digested for a long time 
with P 2 O 6 or PCI 5 , yield 2 -hydroxy-O-alkyl-l,3,4-oxazim;s {Karrer, Miyamichi, 
Helv. 9, 336). The following equation shows this ring closure for N-benzoyl-/ 3 - 
aminopropionic acid: 


CII 2 


IIN CHo 

I J 

GflIl,C:0 OCOC 2 IIB 


CH 2 

/ \ 

N CTt 


ColhC CJOC 2 IE 


By a similar reaction 7 -chloropropylurethans are converted by alkali to deriva¬ 
tives of telrahydro-l ,3-oxazine {Dox, Yoder, Am. 45, 723). 

h. 3,1,4-Benzoxazine derivatives are formed from o-aminoixmzyl halides with 
acid anhydrides {Gabriel, Posner, Ber. 27, 3515; Auwers, Ber. 37, 2249): 

XTRBr XH 2 —O 

Cell/ 4-HOOC-CH3 -> CbH/ I 

^NIT 2 \N=CCH 5 

o-Aminobenzyl bromide 2-Methyl-3,l,4-benzoxazine 

This group also includes the coumazonic acids {Widmann, Ber. 16, 2585), 
such as 2,4,4-trimethyl-3,l,4-benzoxazine, 2-7mthylco'umazmiic acid (I), m.p. 
218°, and 2-phenyl-4,4-dimethyl-3,l,4-benzoxazine (II), m.p. 220°, which are 
obtained from 3-amino-4-(hydroxypropyl)-benzoic acid with acetyl chloride and 
benzoyl chloride, with simultaneous decarboxylation. 


AXCdh),~-0 


cir, 




CeHs 


(II) 


Acylanthranils are 3,l,4-benzoxazme8. 
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/CON 

2-Phenyl-l,3,4-benzoxazone, CgH^ I1 , m.p. 106'’, results from the 

^O—CCeHfi 

action of gaseous HCl on O- and N-benzoylsalicyclic acid amide (Titherlcy, J. 97, 

200 ). 

The imido- and thiocoumazones are 2 -imino- and 2-thio-l,2-dihydro-,3,l,4- 
benzoxazinesthe former are obtained from the urea derivatives of o-aininobenzyl 
alcohol by elimination of waiiir, and the latter, from o-iiminobeiizyl alcohol and 
similar substances in alcoholic solution by treatment with C 82 : 




CH 2 OII 

NHCONHCeHft 


-H 2 O 




< 


CH 2 O 

NHCiNCeHs 


2-rbenylimino-l ,2-dihydro-3, 1 , 4 - 
benzoxuzirie 



CH 2 OH 

NH 2 



2-Tliiono-I,2-dihydro-3,l,4-l>er)zoxazine 


The iminodihydrobenzoxazinos are isomeric with th(^ oxotetraciuinazolines; 
when warmed w'ith aromatic amines they are converted to qiiinazoline deriva¬ 
tives (p. 295), the oxygen in the ring being replaced by the group NR. The thio- 
dihydrobenzoxazines behave similarly (Paaly Vatwolxem^ Ber. 27, 2424). 

2 -Phenylimino-l ,2-dihydro-3,l,4-benzoxazine, phimylimidocotminzone^ CsTT?- 
0N:(NC6H6), m.p. 146° {Soderbaimif Wvinian, Her. 22 , 2938), forms stable 
salts with acids, and addition products with carboxylic acid anhydrides and 
chlorides. 2 -Thiono-l, 2 -dihydro> 3 ,l, 4 -benzoxa 2 ine tkiocoumozone^ CsHyON.'S, 
m.p. 142°, is an acid, and forms a sparingly soluble potassium salt (Pnal, Laadcn- 
heimer, Ber. 25, 2979; Paal, Cornme.rell, Ber. 27, 18()6). 

2-Methyl- and 2-phenyl-2,3-dihydro-l,3,4-benzoxaz-4-one: 

/O- - CTI R 

I 

^CO-NH 


m.p. 146° and 169°, are pn'pared by the condensation of acetaldehydes and 
benzaldehyde with salicyhimide {Titherlcy, J. 91, 1419). 

3,4-Dihydro-2-naphth(2,l-cl-m-oxazines are formed by the condensation of 
2-naphthols with aldehydes, NHa, or amines {Betti, Gazz. 31, 11, 170) : 


O-CJ 

Cion< I 

XTI(C6H,).N 


CTICcHr, 

NH 




O- 


-CHC6H5 


CH(C6lR)NC6ll:, 


The heterocyclic ring of 2-isonitroso-3(2)-benzofuranone is enlarged under the 
conditions of the Beckmann rearrangement, and l,3,4-benzoxazine-2(3),4-dione 
is formed {Mameli, Atti.cong.naz.chim.pura applicata, 1 st Congr. 1923, 426; C. 
1924, I, 2517). 


(c) 


1,4-Oxazines, p-oxazines: 


N—CH-=CH 

hJ—CH a— 


{!) Only hydrogenated derivatives of the simple nucleus are known. Morpho¬ 
line, fctra%dro-l,4-oxazmc (see below), b.p. 129°, was given this name because 
for a long time morphine (p. 358) was assunuid to contain a similar ring. It is 
obtained from 2,2'-iminodjethanol, NH(CH 2 CIl 20 H) 2 , (Vol. 1, p. 380) by 
heating with 70% sulfuric acid at 160-170°, or, in better yield, from the di-2- 
n^hthyl ether of N-toluenesuIfonyl-2,2'-iminodiethanoI, (CurHrOCH 2012 ) 2 - 
NSO 2 C 7 H 7 , which is prepared from the /9-broraoethyl ether of 2 -naphthol with 
toluenesulfamide, by heating with mineral acids {Marckv'ald, Chain, Ber. 34, 
1157). Morpholine is similar to piperidine. By the decomposition of its methyl 
iodide addition product, it gives trimothylamine, acetylene and water {Knorr, 
Ann. 301, 1 ; Knorr, Mathes, Ber. 32, 736). The picrate is sparingly soluble 
in water. For nitroso- and ami nomorpholine, see Knorr , Ann. 301, 0. 
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Tho 0 X 0 derivatives of morpholine include 4-methylmorpholone, b,p. 233°, 
obtained from N-hydroxyethyl-N-methylglycine (Knorr, Ann. 307, 199), 
diglycolic acid imide and the isomeric diglycolamic acid anhydride (Vol. I, p. 
431): 

CH2™0—CH 2 OC-O-C.^]l2 CO—O—CO CH 2 —O—CH 2 

(1'H2-ni[-(';h 2 in2-N(CH,)-([!nj ifij-NH-iiij io— nh— io 

Morpholine 4-Methylinorpholone Dig;lycolainic acid Diglycolic acid 

anhydride imide 

{£) The following compounds are derived from 1,4,2-benzoxa2ine (1): 
3-PhenyEl,4,2-benzoxazine (11), in.p. 103°, which is formed by reduction of o- 
nitrophenyl phenacyl ether, (N 02 )C 6 H 40 CH 2 C 0 C«H 5 ; 3-methyl-l,4,2-benz- 
oxazine, similarly obtained from o-nitrophenoxyacetone. Stronger reduction of 
the phenoxyacetone produces 3-methyE3,4-dihydro-l,4,2-benzoxazine, 3-methyl- 
henzomorpholvue, CbHuNO, b.p. 255° {Stoermer, Fraytke, Ber. 31, 752). 


( 1 ) 


161 

m 


141 

13] 

I. /(I'Hs 121 

Ul 


/O—CH, 
C.H< 1 

\N==cc6ri5 


(ID 


3,4-Dihydro-l,4,2-benzoxazine, benzomorpholine (111), b.p. 268°, obtained 
from o-/3->hydroxyethylaminophcnol (Knorr, Ber. 22, 2095; cf. Fairbourne, 
Toms, J. 119, 2076), is converted by exhaustive methylation to the vinyl ether of 
o-dimethylarninophenol, (CH 8 ) 2 NCeH 40 -CH:CH 2 . It is similar to tetrahydro- 
quinoline {Knorr, Ber. 32, 732). 


< 0 -("Hj —u—^02 —L/I12 

I (IV)CellZ i I (V)C 8 Hh<|| 1 

N11—(d lo \( :H2 • CH • NH . CH 2 ^C • NH • CH 2 


CII 2 CH—O-CH 2 


/C—O-CH 2 


The reaction of tetrahydronaphthalene oxide with hydroxy ethyl amine yields 
naphthalanmorpholine, 2,3,4a,5,10,10a-/ica:a%(/ro-4-nopMi[2,3] -p-oxazine (IV), 
m.p. 63°, b.p. 312°, which, like morphine, is a soporinc. Exhaustive raethyla- 
tion converts it to the /3-dimethylaminoethyl ether of dihydronaphthol, C 10 H 9 O • - 
CH 2 CH 2 *N(CH 8 ) 2 i which can be split more readily than methylmorphimethine 
(p. 259) into naphthaline and dimethylaminoethanol (Knorr, Ber. 32, 742; Ann. 
307, 171). Aminocamphor and ethylene oxide condense to give camphano- 
morpholine (V), b.p. 242° (Duden, Ann. 307, 187). 

l,4,2-Benzoxaz-3(4)“One, henzo-Z-morpholone (VI), from o-nitro~ 
phenoxyacetic acid {Wheeler, Barnes, Arn.Chem.J. 20 (1898), 
555). The two isomers: 2-methyl-1,4,2-benzoxaz-3(4)**oiie and 
3,4-dihydro-3-methyl-l,4,2-benzoxaz-2-one, m.p. 145° and 110°, are 
prepared from o-nitrophenoxypropionic acid and from o-amino- 
plienol with bromopropionic acid ester {Bischoff, Ber. 30, 2927; 
33, 1598). 1-Naphth[2,l]-p-oxaz-2(3)-one, naphtho-2-niorpholone 
(VII), m.p. 216°. By electrolytic reduction the morpholones are 
partially converted to morpholines and partially decomposed to 
carbocyclic compounds {Lees, Shedden, J. 83, 750). 

0-CH2 yO —CH2 

(VT) Coll/ I C\oH< 1 (VII) 

^NH—(:0 ^NHCO 


(3) Among the derivatives of phenoxazine (dibenzo-^xazine), 
benzophenoxazine, and dibenzophenoxazine are a number of im¬ 
portant dyes. 
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Phenoxazine, m.p. 148°. 


10 



is prepared by heating o-aminophenol with pyrocatechol (Kehr- 
mann, Ann. 322, 9). N-Acetylphenoxazine, m.p. 142°. 

S-Methylphenoxazine, m.p. 124°, from pyrocatechol and o-amino-m-cresol; 
3,6--dimethylphenoxazine, m.p. 205°, from homopyrocatechol and o-amino-m- 
cresol. 4-Nitrophenoxazine , m.p. 166°, is prepared from 2,4-diiiitro-2'-hydroxy- 
diphenylamine oy warmin^]J with dilute aqueous sodium hydroxide, HNO 2 being 
eliminated {Ullmamiy Ann. 366, 80). 2,4-Dinitrophenoxazine is similarly ob¬ 
tained from picryl chloride and o-aminophenol. 

18-Tetrabenzo[a,c,/i,j]phenoxazine, phenanthroxazine: 


/C—O—C. 


(C6ib)-/y \\\ c , h ,)2 


from 9,10-dihydroxyphenanthrene with NH, (Bamberger^ Grab, Ber. 34, 535). 

Phenoxazine and its homologues are oxidized by bromine or ferric chloride or 
H 2 O 2 in acid solution to colored, ortho-quinoid azoxonium salts (with tetravalent 
oxygen); mm-quinoid compounds arc formed as intermediate products. Thc^se 
o-quinoid oxonium salts are very unstable; several have been isolated as perchlo¬ 
rates (KehrmanUf Boubis, Ber. 50, 1662): 




.N. 





Pheuoxazoniajti perchlorate^ 
brownish crystals; 
exj)losive 


The phenoxazonium salts are v(U'y n*active substances. They add aromatic 
amine as the quinones do; this permits the introduction of RHN-groups in the 

E osition para to the nitrogen. Phenoxazonium compounds can be hydroxylated 
y treatment with alkali. 

The products obtained by these two reactions are the phenoxazine dyes, 
which are not derived from the o-quinoid phenoxazonium structure, but from the 
p-quirioid phenoxazone or phenoxazime: 



Hydroxyphenoxarone (rcsorufin) 



Plieijylpheiioxaaime 


Conclusive evidence for this interpretation of the structure of the phenoxazone 
and phenoxazime dyes is their complete absorption, in contrast to the phenoxa¬ 
zonium salts (cj. Kehrmanrij Sandoz, Ber. 50, 1667). 

These dyes are analogous to the simplest indophenols and indamines (Yol. Ill, 
pp. 245, 109): 

O; C*H4 ; N • CflH40H HN: GflIl4:N • 

They differ from these only in the addition of the 1,4-oxazine ring. 
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The phenoxazino dyes are prepared by the following methods: 

(1) From o-hydroxyquiuones and o-hydroxyquinonimines by condensation 
with o-aniinophenols. The hydroxy-p-quinones of the naphthalene series are 
particularly suited to this cond(‘nsation (Kehrmanriy Messinger, Ber. 26, 2375; 
Kchrmannf Ber. 28, 353): 

X)II lIOv yOv 

0:CioTT:,'.\ 4“ y('6H4 - > 0:CioHi,\\ \C 6 H 4 

\) lloN/ 

2-Hy(lroxy-l ,4- o-Aniino- 5-Beiizo[a)phenoxazone 

naphtlioquinoiie phenol 


(^) (yoridensation of di(4iloroquinonimines, nitrosophenols, or nitrosodi- 
methylaniliru' With poiyhydrii; phenols or tertiary aminophenols produces hy- 
drox^d and amino derivatives of phenoxazones and phenoxazimes, which are the 
real dyes: 

/NOT I Hv O /Nv 

0:C,Ha<f + >C’eH,OH -> >C,H 30 H 

\H mv HV 

Niirosophcnol Resorcinol 7-Hyclroxy-3-phenoxazone, Resorufin 


(3) Aminophenoxazimes are obtained by oxidation of hydroxy-p-phenylene- 
(liamiiuis in glaiaal acetic acid by air (Nietzki, Becker^ Ber. 40, 3397; Kehrmayin, 
/^opld'wnki, Ber. 42, 1275): 

yNlh O .,N\ 

2NIl2C,H< -► NII:CJl.,<f >C,H,NH3 

Xqh \o/ 


3-Phenoxazone, O:C 6 H 3 (NO)CeH 4 , m.p. 217°, golden brown flakes {Kehrmann, 
Chcrpillod, llelv. 7, 973). Phenoxazine is converted by FeCb to an unstable 
phenoxazonium chloride (see above), which yields phenoxazone when boiled with 
water {Kehrmann.^ Saagcr, Ber. 35, 34l), 

RESORUFIN, 7-hydroxy-3-phenoxazone, OC\Hs(N())C6H8(OH), is prepared 
by the action of nitric acid cont,aining nitrous acid on an ethereal solution of re¬ 
sorcinol {Wesiiskyt Ann. 162, 273), and also b}’^ the reaction of nitrosoresorcinol 
with resorcinol (Nivtzkif Ber. 24, 3366). Resazurin: 




oci^urs as an intermediate product. The solutions of rc^sorufin in alkalis are rose- 
red with a magnificent cinnabar-re^d fluorescence. Orcirufin is formed, simi¬ 
larly t,o resorufin, from orcinol. 3,6-Dimethylresorufin, bright red net^dles {Hen- 
rich, (lotz, Ber. 58, 1055). 

N-Phenyl-3-phenoxazime, C6HfcN{3lC6H8(NO)C6H4, red flakes, m.p. 197°, 
from phenoxazine by oxidation with FeCb in the presence of aniline salts, is con¬ 
verted by further treatment with aniline into N-phenyl-6-anilino-3-phenoxazime, 
C6H6N[3]C6H8(N0)C6H3[6]NHC6H6, which is similar to the dyes of the capri 
blue type. The latter are derived from 3,6-diaminophenoxazine, e.g., (CH 3 ) 2 N- 
C 6 H 8 (KT))C 6 FI 2 (CTI 3 )N(C 2 H 6 ) 2 , whose zinc chloride double salt, from o-dietlwl- 
amino-m-cn^sol and nitrosodimethylaniline, is marketed as capri blue GON 
[Mdhiau, Klimmer, Kahl, Z.Farb.Textilchemie 1 (1902), 354]. 

Gallocyanine, (CH 3 ) 2 NC 8 H 3 (NO)C»H(OH)(C02H)0, dimethylaminohydroxy- 
phc7ioxaZ(rnecarboxylic acid, is prepared from gallic acid with nitrosodimethyl¬ 
aniline, and forms with mordants, especially chromic oxide, stable violet lakes 
^(for calico printing). When heated with aqueous sodium acetate, soda, or the 
like, gallocyanine is decarboxylatcd to dimethylaminohydroxyphenoxazone 
(Ger. Pat. 192971, 1906). For the products of the reaction of gallocyanine dyes 
with primary aromatic amines, see Grandmoitgin, Bodmer, J.pr. 77, 498. 

Chlorohydroxyphenoxazone, CeH 4 (NO)C^Cl(OH):0, m.p. 235° (dec.), 
from p-dihydroxycbloroquinone with aminophenol (Kehrmann, Messinger, Bcu*. 
26 , 2375). 
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5-Benzo[a]phenoxazone, 0 :CioH 5 (NO)C«H 4 , m.p. 192° (synthesis: p. 276). 
9-B€nzo[a]phenoxazone, 0:C«H8(NO)CioH#, brown needles, m.p. 211°, from 
nitrosophenol and 2-nfyhthol {Fischer, Hepp, Ber. 36, 1807). 5-Benzo[a]- 
phenoxazime, NH:CioH 6 (NO)C 6 H 4 , m.p. 243°, from hydroxynaphthaquinon- 
iminc (Vol. Ill, p. 633) with o-aminophenol. 

N,N-Dimethyl-9-benzoItt]phenoxazime chloride, CioH«(NO)C 6 H 3 N(CH,)2C1, 
from 2 -naphthol with nitrosodimethylaniline hydrochloride in alcoholic solution, 
is naphthol blue {meldola blue) which dyt^s cotton mordanted with tannin violet- 
blue (Witt, Ber. 23, 2347). Nile blue is an amino derivative of naphthol blue, 
and cyanamine is an anilino derivative. 

Hydroxyphenoxazime (I), obtained by oxidation of o-aminophenol, condenses 
with another mol of o-aminophenol to triphenodioxazine (II), dark violet, sub¬ 
limable needles. The latter is also formed directly from o-aminophenol by oxida¬ 
tion by the air (Seidely Ber. 23, 182; Fischer, Jonas, Ber. 27, 2784; Krause, Ber. 
32, 126). For methyltriphenodioxazine, see Kehrrnann, Burgin, Ber. 29, 2076. 

yN\ /OH /N\ /Ov 

( 1 ) c,h/ c,h/ >(; 6 U .4 >’,h. (ID 

PHENOXARSINE. For the .synthesis of derivatives of phenoxarsine, which 
is analogous to phcnoxazine, sec Roberts, Turner, J. 127, 2004. 


2. THIAZINES 


C—C—N 

(a) 1,2-Thiazines: 1 I 

c—c—s 


At the pr(;s(int tinu^ no compounds having this structure are known. 


(b) 


1,3-Thiazines: 


14] 0—N 13]—C 12] 

ID C—C 161—1 ID 


Th(‘ following compounds contain 1,3-thiazine rings: 

1. The penthiazolines, corresponding to the pentoxazolines (]). 272), are 
5,6-dihydro-l,3,4-thiazines. They are prepared from y-halogenoalkylthiobenz- 
amides. 

2-Phenyl-5,6-dihydro-l,3,4-thiazine, 2-phenylpenthiazoline (I), m.p. 45°, is 
obtained from thiobenzamide with l-bromo-3-chloropropane {Pinkus, Ber. 26, 
1077). 2-Phenyl-4,4,6-trimethyl-5,6-dihydro-1,3,4 -thiazine, C 4 H 3 NS(C'H 3 ) 8 -- 
(CeHfc), m.p. 34°, from 7 -bromoisohexylthiobenzamide. 6-Methyl-5,6-dihydro- 
1 ,3 ,4-thiazine-2-thiol and 4,4,6-trimethyl-5,6-dihydro-l ,3 ,4-thiazine-2-thiol, m .p 
131 ° and 180°, are prepared from y-chlorobutylamine and y-bromoisohexylamino 
with carbon disulfide \ Luch?nann, Ber. 29, 1429; Kahan, Ber. 30, 1321; cf. 
Dixon, J. 69, 851; Gadamer, Arch.Pharm. 234 (1896), 1]. 


(I) 


CH2~ CH 2 —N 

I II 

CH 2 ~S-CCfiHs 


(^ 2 - CO-NH 
C1I2—s—(*:o 


(ii) 


Tetrahydro-l ,3,4-thiazine-2,4-dione, dioxopenthiazolidine , sin n pan propionic 
acid (II), m .p. 159 °, is formed from xanthamide with /3-iodopropionic acid {Lang” 
let, Ber. 24, 3848). 

2. Derivatives of 3,1-benzothiazine {phenpenthiazole) result from the con¬ 
densation of o-aminobenzyl halides with amides of thiocarboxylic acids {Gabriel, 
Posner, Ber. 27, 3519): 


/CHaBr 

CeH/ -f NH 2 CS CH 3 



2-Methyl-3,l,4-benzothiazine, m.p. 46°, is prepared from 2-methy 1-3,1,4- 
benzoxazine with P 2 S 6 , from o-acetylaminobenzyl alcohol with P 2 S 61 and from o- 
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acetylaminobonzyl sulfide with PCI 5 . For other derivatives, see Kippenherg, 
Ber.30, 1143. 

The imino- and thio-l, 2 -dihydro- 3 ,l ,4-benzothiazines (imino- and thio- 
coumothiazones) are prepared, similarly to the corresponding beuzoxazines 
(imino- and thiocournazones, p. 273), from thiourea derivatives of o-aminobenzyl 
alcohol or from aminobenzyl alcohols with CSa and alcoholic KOH. 2 -Thio-l, 2 - 
dihydro-3,l,4-benzothiazine, thiocoumothiazone (III), m.p. 166°, is an acid; 
when digested with aniline it gives 2 -thiototrahydroquinazoline, the sulfur atom 
in the ring being replaced by an NCeHs-group (cf. p. 273 and 295). 2-Imino- 



1,2-dihydro-3,1,4-benzothiazone, imirtocoumazonv. (IV), m.p. 137°, from 0 - 
nitrobenzyl thiocyanate by reduction, and from o-aminobonzyl chloride and 
thiourea, is oxidized by pcrinanganate to 4(3)-quinazolone (p. 293). When 
heated with aniline it gives 2-pbenylimino-] ,2-dihydro-3,l ,4-benzothiazine, m.p. 
197°, which is also formed by elimination of water from l-a:-hydroxytolyl-3- 
phenylthiourea, HOCHs-CelbNHCSNHCcH^ {Soderbamn, Widrnnny Ber. 22, 
2933; Paal, Co7nm(rell, Ber. 27, 2429). 


[B] HC--N -rn [3] 

(c) 1 ,4-Thiazine: | || 

16] Hat'—S- CM 12] 

111 

1. One of the benzo derivatives of this ring is benzo- 1 ,4,2-thiazm-2(3)-one: 

/Nil—(K) 

C'eH/ i 

\S-(Tl, 

m.p. 179°, which is obtained from o-aminobenz(methiol and bromoacefic acid 
{Ungery Ber. 30, 607; Unger, Graff, Ber. 30, 2389). I'or 2 -mono- and 2,2-di- 
halogon derivatives of this compound, see Zahuy Ber. 56, 578. The 2 , 2 -dihalo¬ 
gen aerivative suffers a ring shrinkage when digested with alcohol, yielding benzo- 
thiazole-2-carboxyIic acid ester {Zahn, Ber. 56, 578). 

The symmetrical diberizo derivatives, phenothiazines and di- 
benzophenothiazines {thiodipheiiylamines and thiodinaphthylamines) 
are more important. Phenothiazine corresponds to phenoxazine or 
dibenzo-p-oxazine (p. 274) and, like it, numbers a series of important 
dyes among its derivatives. ()iie of these is the valuable methylene 
blue. 


110—Nil—CTI 


^. PHENOTHIAZINE, thiodiphenylamine: 


6 



m.p. 180°, b.p. 370°, is obtaim^d from o-aminobenzonethiol with pyrocatechol at 
220 °, as phenoxazine is formed from o-aminophenol and pyrocatechol. It is more 
readily prepared by heating diphenylamine wdth sulfur, especially in the presence 
of a trace of iodine (Kehmanriy Dardel, Ber. 55,2348). It is a neutral substance, 
and its inline hydrogen can be replaced by alkyl groups (N-methyl derivative, 
m.p. 99°; Kehrmanny ZybSy B<‘r. 52, 131; Kehrniamiy SandoZy Ber. 50, 1676) 
and by acid radicals (N-acetyl derivative, m.p. 197°). With dimethyl sulfate it 
forms S-alkylsulfonium compounds, which crystallize as the perchlorates (Ae/ir- 
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mavn, Darddj Ber. 55, 234G), When boiled over copper ph(Miolhiazine is con¬ 
verted into carbazok^ (a, ring slirinkaKe). For the (lualilrative d(‘tection of its 
presence, see the section on tliiojihie. Tetrachlorophenothiazine, m.p. 235° 
{Unger, Hofmann, Ber. 29, 1363). Hydrogen peroxide oxidizes phenothiazine 1 o 
phenothiazine 5-oxide, diphpiylmninv sulfoxide (I), in.p. 250°, which reacts witli 
cold hydrochloric acid to give phenazothioninm chloride (see below), and with 
hot hydrochloric acid to give chlorophenothiazine (Barndt, Smiles, J. 95, 1253; 
Page, Smiles, J. 97, 1112). With nitric acid it forms nitrophenothiazine 5-oxide 
(IT), which reduces to 2-aminophenothiazine, and dinitrophenothiazine 5-oxide, 
which reduces to 2,8-diaminophenothiazine, Icucolhioninc (Ill). The latter is 

.SOv ,S(K . S . 

c«H4< >C6H4 cjt/ nii.-cji/ 

(I) (ID (HI) 

also produced when diaminodiphenylamine, (NH>CeH 4 ) 2 NH, is heated with sul¬ 
fur. It is the l(Mico-base of the simplest thionine dye, into which it is (converted 
by oxidation with FeCls- The tetrametbyl derivat ive of leucothionine is the leuco- 
base of methylene blue ([). 280). The th(*rapeutical]v active acyl derivatives 
of leuco-metliyloue blue, such as N(CHa) 2 CfllT 4 fN(CX_)CTD)SlC 6 H;N(CH: 02 , are 
obtained from its zinc chloride double salt with acid chlorides {Cohn, B(‘r. 33, 
1567), 

1,3-Dinitrophenothiazine, from picryl chloride and • o-aminobenz(‘nethiol, 
yields an isomer of leuco-thionine wlaui redmuHl {Kekrniarin, Ann. 322, 57; 
Kefirrnann, Steinberg, Ber. 44, 3011). 

12 -Benzo[a]- and benzo[5]phenothiazine, ihiopkenyl-a- and 0-naphthylamine, 
CrH 4 (SNH)CioH 6 , m.p. 130.5° {Kehrrnaun, Christopouivs, B(t. 54, 649) and 
178°, from N-phenyl-1- and 2-naphthylamino with sulfur. 14-Dibenzofa,j]- 
phenothiazine and 7-dibenzofc,/i]phenothiazine, thio-o;-and /5-dina])hthylaniine, 
S(CioH«) 2 NH, m.p. 177° and 236°, from 1,1'- and 2,2'-dinaphthylamine with 
sulfur {Kchrmann, Ann. 322, 44, 51; Kehrmann, Christopoulics, Ber. 54, 655). 

Like phonoxazine (p. 275), phenothiazine and its homologues are converted 
by oxidation with FoDls or bromine into colored, ortho-quinoid azothionium salts 
(with tetravalent sulfur): 


N<f \SDl 


\c,n/ 


which are generally isolated as the perchlorates and which, like the azoxonium 
salts, are substituted in the para-position to the N-atom by NHR- or OH-groups 
when treated with amines or water. 

For the structure of the thiazine dyes so formed the same conclusions are valid 
as for that of the phenoxazine dyes. The dye btises are derivatives of the p- 
quinoid phenothiazone and phenothiazime (see formulas). They are tliereforc 
stmcturally related to the indophenols and indainines, which, indeed, may be 
assumed to be present as intermediate products in the preparation of these dyes 
(see methylene blue). The most conclusive evidence for their formulation as p- 
quinonimines or p-diiminos is provided by the extensive data on the absorption 
spectra of the dyes in this series (summary: Kchrmann, Ann. 414, 149). 

Cell/ ^Cfll 13:0 (: N11 

Phenothiazone Phenothiazime 


Among the phenothiazimes are Lautli^s dyes, so named after 
Lauthy who first prepared them; their constitution as derivatives of 
7-aminophenothiazimes was established by Bemthsen (Ann. 230, 73; 
251, 1 ). They are obtained by oxidation of p-phenylonediamines in 
the presence of H 28 , indamines being formed as intermediate products 
(see methylene blue); 
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‘ 2 NH 2 C 6 H 4 NH 2 







CeHsiNH 


Aiiotlu^r iiKiihod for llio proparaiion of tliose dyo.s depends on the reaction of 
indamiiH^s with thiosulfiiric acid, yielding thiosulfonic acids, which are converted 
to the leuco-bas(^s of tli<^ thiazine dy<^s by digestion with dilute acids. The dves 
can therefore be obtained by the oxidation of a mixture of 1 mol />-diamine witli 1 
rnol monoamine, which form indamiru^s, in the presence of thiosulfate. 

l^henothiazones are fornud by oxidation of p-arninoplienols in the presence of 

HjS. 

Phenothiazime, 3-imino~3-isophe/nothiazine, C 6 H 4 (NS)C 6 H 8 NH (red-browm 
needles), is obtained by oxidation of 2-aminof)h(aiothiazine (p. 279), by de¬ 
amination of thionine (see below) or by the action of alcoholic ammonia on phen- 
azothionium perbromide {Kvhrmanny Ber. 49, 2831). It reacts with amines 
without heat to form N-alkylated thionines: NHRC 6 H 3 (NS)C 6 H 3 NH {Kehrmanriy 
Schaposchnikoff, B(‘r. 33, 3291). The phenothiazime chloride, 2-aminophen- 
azothionvurn cMoridv (s('e above), can be diazotized in strongly acid solution 
{Kehrmfwriy Ann. 322, 04). Eor be/nzo[a]phenothi(izineSy see KehrmariUy Christo- 
ponlosy Ber. 54, 651. 

N-Phenylphenothiazime, (yi4(NS)C«H3(NCW6), dark red flakes, m.p. 150®, 
from ph(‘nothiazine by oxidation with FeCU in the presence of aniline salt; its 
chloride, 2-anilinophmazolh umium chloridey is convcTted on further treatment with 
anilines to 2,8-dianilinophonazothionium chloride or diphenylthionine chloride 
(KehrmanUy Ann. 322, 39). 

7-Aminophenothiazime, thionine, Lauifds violrty NH2C6H3(NS)C6H3NH 
(hydrochloride: green needles), is obtained by oxidation of p-phenylent>diamine 
(se(i above) and also of its l(aico-bas(% the diaminophen6thiazin(‘ (p. 279). It 
can also be pn'f)a]ed by nitration of phenothiazine, reduction to the leuco-base 
and subs(Hiu(‘nt oxidation; a method for detecting the presence of diphon 3 damine 
is bas(‘d on this serievs of react ions. An isomer of thionine, 1 -aminophenothiazine, 
CVH4(NS)C'6H2(NH2)NH, is formed by oxidation of 1,3-diaminophenothiazine 
(p. 270) (Kehrmanny Ann. 322y 57), 

Methylene blue, (CH3)2N.C6H3(NS)C6H3N(CH3)2C1, tetramethyU 
diamino'phenazothioriivm chloride {Caro, 187()), is prepared by oxida¬ 
tion of diniethyl-p-phenylenediamino in a solution containing H 2 S, or 
of equiinol(‘cu]ar proportions of dinietliyl-p-phenylenediarnine and 
diinotliylaniline in the pr(\sen(;e of thiosulfate. The reaction mecha¬ 
nism of these syntheses lias been exhaustively studied. A similar 
course of reaction underlies the formation of all phenothiazime and 
phenotliiazone dyes. According to the present generally accepted 
view, a preliminary formation of quinonediimines and indamines by 
dehydrogenation takes place; these, because of their known tendency 
to add aniines and hydrogen sulfide, make possible the closure of the 
1,4-thiazine ring. Tlie formation of methylene blue can be divided 
into these steps: 


(/) 


H Cl 

(Cn3).>:N 05114■NH 2 


-II, 


Cl 

(CH3)2:N:C5H4:NIT 

Iminodimethylquinoniminium 

chloride 


(^) 


(('H3)2N: 



Nil 


NH, 


+ H,S 
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C’l 


’1 


Nil 


(C\h)-iN\J 


\SH 



(?) 


Dchydrotcenntion 


I ' "A 

(CH;,).N (('H,), 

Mctliyloiio blue 


When tlie s^nithesis sturts with 2 mohnailos of dimethyl-p-phenylenodiamine, 
the meehanisrn is the same (‘xet'pt t hat ammonia is eliminated in st(‘p 3. If the 
sulfur is int.rodiK^od with sodium thiosulfate (according to Hc.nithsen) y in step 2 
l-amino-4-dimethylaminobenzene-2-thiosulfonic acid is formed: 


The sulfonic acid radical is removc'd by hydrolysis in subsetpK'nt steps. 

Methyl(*ne blue (marketed as t,h(^ hydrochloride or zinc chloride double salt) 
dyes silk or tannin-mordanted (cot ton a light-fast blue. Another imj)ortant use is 
its application in microscopy to distinguish diffenuit cells in the tissues of living 
organisms (intra-vital staining, Ehrlich) (see Ehrlich's obituary, Her. 49, 1225). 
A silver compound of methylene blue* is used under the name argochrom in septic 
diseases. 

Methylene bliu^ is converted by n'duction (Na 2 S 204 , alkaline solution) to leuco- 
m.ethylene blue -<lim(ihylaminophcttothiazinc) ^ m.p. 185°, yellow needles 
{Cohn, Ber. 33, 15(57; Weil, IXirrschnaheL, Jxindaucr, Ih'r. 44, 3172; Landauer, 
Weil, Ber. 43, 198). Methylene blu(^ is not decolorized by formaldehyde alone, 
but if the reaction is carried out in the presence of unpasteurized milk, it is de¬ 
colorized, since raw milk contains an (mzyme (a dehydrogenase) which activates 
hydrogen, for wliich tlu' methylene blue aids as acceptor. This decolorization, 
known as the Schardingcr reaction, is used to distinguish betwt'tni raw and pas¬ 
teurized milk [Schardinger, Z.Untersuch.Nahr.u.Genuss. 5 (1902), 1113; l^fc- 
land, Ber. 45, 2609; 55, 3641; Wieland, Rosenfeld, Ann. 477, 32]. 

Phenothiazone, C 6 H 4 (SN)C 6 H 30 , m.p. 166°, red-brown flakes, is obtained 
from hydroxyphenothiazine by oxidation and from phenofliiazirne bj^ digestion 
with soda solution. 5 -Benzo[ a] phenothiazone, C 6 H 4 (NS)CioHfiO, m.p. 176°, 
formtxi when lxinzo[a]phenazothionium sulfate is allowed to stand in aqueous 
solution {Kehrmann, Chrislopoulos, Ber. 54, 651). Dibenzophenothiazone, 
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CjoH6(NS)CioH!,0, m.p. 245°, from phenylclibenzophenothiazirac by treatment 
with dilute mineral aeids {Kekrmmmy Ann. 322, 52). 

7-Hydroxyphenothiazone, thionol, H 0 *C 6 H 3 (NS)C 6 H 30 , from thionine by 
digestion with dilute acids or alkalis and from hydroquinone and p-iiminophenol 
by condensation with sulfur and subsequent oxidation. IIydroc[uinone, p-phenyl- 
enediaraino, and sulfur give tliionoline, NH2C6H3(NS)C6H3:0 (Gor. Pat. 103301, 
1897). 

The blue and black substantive cotton dyes produced by the fusion of p-amino- 
and p-nitropluaiols, nitro- and nitroliydroxydiphenylarnines and indophenols 
with sulfur at, temperatures between 140° and 2()U°, which are known as sulfur 
dyes,”^ are at k^ast in part 1,4-thiazine derivatives. They are amorphous sub¬ 
stances with high molecular weights, insoluble in acids atid alkalis. When 
treated with sodium sulfide they dissolve even in the cold, and are precipitated 
unchanged from this solution by the acdion of air; this behavior permits their use 
with vat-dy(ung t.e(4iniqu(^s. Tlu^ dull dycungs produced with them are character¬ 
ized by great fastiu'ss to light and washing, wdiich can be increased by after- 
treatment with metal salts (chromium, copi)er). The constitution of many 
sulfur dyes is not known wi(h certainty. They are di- and polysulfides of thia- 
zines (r/. v. Wcinherq, Her. A63, 121), which are converted by sodium sulfide to 
mercai)tothiazines, which are soluble in alkali and easily oxidized. The pn^sence 
of the thiazine ring in these dyes has been proved for one of them, immedial' 
pure blue (see below), by conversion to (el,rabromodimethylammof)henothia- 
zone {Cinchniy Kauflcry Her. 37, 2()17, 3032; cf. (huJiniy Kaufler, Her. 39, 1016; 
Ger. Pat. 140964, 1902, Frdl. VII, 522; Ger. Pat. 178940, 1905, Frdl. VIII, 
755). 

The first technically important sulfur dye, now obsok'te, w.'is Vidal Black, 
from p-aminophenol or p-aminocresol ( Vidaly Mon. vsci. 1 4] 11, II, 655; (1 1897, II, 
747; Ger. Pat. 99040, 1897). Among the sulfur dyes which have been pre¬ 
pared, these are outstanding: sulfur black (from 2,4-dinitrc)phenol), immedial 
black (from 2,4-dinitro-4'-hydroxydiphenylami!ie) and immedial pun^ blue (from 
4-hydroxy “4 '-dim(;thylaminodiphenylamine). 

Anotlu^r group of yellow and brown dyes, obtaim'd by fusing 7u-toluenediamine 
and related compounds with sulfur and alkali sulfides, are probably derived from 
the benzothiazoles (p. 143). 

The s(.‘lcnium compound corn'sponding to phenolhiaziiio, phenoselenazine 
{Corndiuny J.pr. 88, 395), and a series of analogous dyes {AbderhaldcfL, Fodor, 
Ber. 49, 577; Karrefy Her. 51, 190) have been x)repar(;d. 
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Py ri da zi n e, 1,2- D i az i i u‘, 
o-Diazine 


Ml 
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-CH—N Ml 
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Pyrimidine, 1,3-Diazine, 
m-Piazine 


Ml 

Ml GIT—N- GM Ml 


Ml CH--N—011 12] 

111 

Pyrazine, 1,4-Diazine, 
p-Diazino 


The trivial names are a combination of pyridine and the symbol az- or imid-. 
The diazine formulas may be derived from the pyridine formula by replacement 
of successive methine groups by nitrogen atoms {cf. the introduction, page 6). 


* Cain and Thorpe: Synthetic Dyestuffs and Intermediate Products (Griffin, 
London, 1933) . Rucherer: Ijchrbuch der Farbenchemio (Spamer, Leipzig, 1921). 
Fierz-David and Blagrwy: Grundlegende Operationeri der Farbenchemie (Springer 
Berlin, 1938). v. Geor^evics: Kurzes Lehrbuch der Farbenchemie (1921). 
Patents in Friedliinder, Teerbirben, Vol. V to XX. v. WeAnberg: Ber. 63, Abt. A, 
117 (1930). Schultz: Farbstofftabellcn (Weidmann, Berlin, 1923). Rowe: 
Colour Index (London, 1924), 
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(a) Pyridazines (1,2-Diazines) 

(1) PYRIDAZINES or 1,2-DIAZINES arc prepared by the fol¬ 
lowing* methods: 

]. l,4-Dik(jU)ues aiul liydraziiio hydrate j?ive dil!ydr()t)yrida.ziiies, which are 
partly oxidized even by air or auioxidation to pyridazines Dmcka, Ber. 36 , 

491): 

CH 2 —COC(dI^ Nib CH=-(:(C«TT5) -Nil CH--C(CJ4fi)-~N 

i -f I -> I I -> J II 

Clb—COCH, Nib Cn-4KCiT:d -NIT CH -CKCIb)—N 

For the mechanism of this reaction, see Korschurif Roll, Bull. [4] 39, 1223. 
Pyridazones (p. 2S4) are converted by POCI3 to chloropyridazines, which 
yield pyridazines when reducc^d with hydriodic acid and phosimurus {Oppenheiniy 
Ber. 34 , 4227) : 

Il(N-~bO—NH IK’ JIC- CIl -N 

il I-> il 1 -> 11 I 

n(J-~CH--N nc - N IJ C :~CH - N 


3. Phthalazines and benzo[c]cinnolines (pp. 285, 287), th(? benzo and dibenzo 
derivatives of pyridazine, are oxidized to pyridazinecarboxylic acids by perman¬ 
ganate {Gabriel, Ber. 36 , 3373): 



IIO^CC-CIT-N (Vl4N 

II hi II 

II(.)jC • C—CI Cell 4 • N 


(X)sIT-C^-C(COjI-T):N 


CII==C;H—N OH‘-CH=N 

PYRIDAZINE, 1,2-diazirK, || or |i | , rn.p. -8°, 

CH=^-CH—N Cn--CH=-N 

b.p. 205°, is obtained: (/) from nitrosuccinaldehyde, or the fumardialdehyde 
formed from it, with hydrazine hydrate {Marquis, C.r. 136 , 368); (.^) from 
pyridazine-3-carboxylic acid or (3) pyridazinetetraijarboxylic acid by decarboxyl¬ 
ation; (4) from pyridazoTUi by rnetliod 3 {Gabriel, Ber. 42, 054). Pyridazine 
smells like pyridine, forms soluble salts with acids and combines with AuClj, 
HgCb, and the like. 

3-Methyl-, 3-phenyl- and 3-phenyl-5-methylpyridazine, b.p. 214°, m.p. 103° 
(b.p. 332°) and m.p. 95°, were prepared from the corn^sponding pyridazones by 
method 2 (see above). 3-Methyl-O-phenylpyridazine, m.p. 103°; 3,6-diphenyl- 
pyridazine, m.p. 222°; 3,4,6-triphenylpyridazine, m.p. 171 °, from 1,4-diketones 
according t-o method 1 (see above). 3,6-Dimethylpyridazine, m.[). 32 b.p. 215 °, 

very hygroscopic, is obtained from its dicarboxylic acid {Wohlgeynuth, Ber. 37 , 
4362). 3-Methylpyridazine condenses like quinaldine (p. 232) with benzaldehyde 
and phthalic anhydride. 

3-Pyridazinecarboxylic acid is formed by oxidation of 3-(hydroxyphenyl)- 
pyridazine, prepan^d according to Method 2 (see above), with permanganate 
{iiahriel, Colman, Ber. 32 , 395). O-Phenylpyridazine-3-carboxylic acid, m.p. 
131°, from 3-methyl-6-phenylpyridaziue with dilute nitric acid {Paal, Dericks, 
Ber. 36 , 491). 3,6-Dimethylpyridazine-4,5-dicarboxylic acid ester, m.p. 56°, 
from its dihydro derivative (see below) with nitrous acid. Pyridazine-4,5- 
dicarboxylic acid, m.p. 213° (dec.), from phthalazine, and pyridazinetetracar- 
boxylic acid from benzofcjcinnoline (s(H‘ above). 4-Phenylpyridazine-5,6-di¬ 
carboxylic acid, 4-phenylcinnolinic acid, m.p. 221°, from 4-phenyloinnolirie (p. 
285). 

DIHYDROPYRIDAZINES are obtained from 1,4-diketones and hydrazines 
partly or wholly in place of the expected N-aminopyrroles {cf. method I, above). 
l-Phenyl-3-methyl-l,2-dihydropyridazine, m.p. 197° (dec.), from lovulinalde- 
hyde and phenylhydrazine {Harries, Ber. 31 , 45). 3,4,6-Triphenyldihydro- 
pyridazine, m.p. 187°, from desylacotophenone with hydrazme, yields the corre¬ 
sponding phenazine when it is treated with chromic acid. 1,3,4,6-Tetra- 
phenyldBiydropyridazine, C 4 Ha(C*H 6 ) 4 N 2 , m.p. 149°, from de^laoetophenone 
with phenylhydrazine, is converted by dry distillation to 1,3,4-triphenylpyrazole 
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(p. 95) (Smith, Ann. 289, 310). 3,6-Dimethyldihydropyridazine-4,5-dicar- 
boxylic acid ester: 


N--€(rn,)-CH(TUW5 

is formed from a,/3-dia(;(d,yIsneeiiiie acid and h><^razine liydrale in alcoholic solu¬ 
tion, and reacts with anotlier mol of hydrazine to ^^ive the cyclic hydrazide of the 
acid (Pool, Ubber, Ber. 36, 497; liuloir, Bc*r. 37, 91). 

OXODIHYDROPYRIDAZINES, or PYRIDAZONES, and OXOTETRA- 
HYDROPYRIDAZINES, or DIHYDROPYRIDAZONES, result from the re¬ 
action of 1,4-oxocarboxylic acid esf(‘rs with hj^drazine hydrate or monosubstituted 
hydrazines; they may b(i considered to be rint?-homologu(is of pyrazolone (p. 
103): 


(dlr-CdlO NIB CUr-CU^N 

II -f I -> II I 

CBr • COOR Nil. (dir- CO—NH 


CH 2 COCHa NIB 

1 + I 

CTB-COOR NTB 


(TB-C(CTB);N 

J i 

OtB—(X)—NH 


The dihydropyridazones are rea<lily oxidizc'd to pyridazoncs. The pyridazones 
are converted by POCI 3 to chloropyridazines (p. 283), in which the chlorine atom 
is (*asily replaced by hydrogen or other substituents. 

PYRIDAZONES. 3(2)-Pyridazone, C 4 H 4 ON 2 , m.p. 104°, is obtained from 
its carboxylic acid, which is the product of the oxidation of oxotetrahydropyrida- 
zine-3-carboxyli(; acid with bromine (GabriH, Ber. 42 ,057). Dibromopyridazone, 
m.p. 224°, from mucobrornic acid with hydrazine (s(h^ above). 3-Methylpyrida- 
zone, m .p. 143 °. 3-Phenylpyridazone, m.p. 202°; 5-methyl-3-phenylpyridazone, 
m.p. 190°; l-phenyl-3-methylpyridazone, m.p. 82°, from the corresponding 
dihydropyridazones with bromine (Oppenhehn, Bct. 34, 4227, and others). 

DIHYDROPYRIDAZONES, PYRIDAZINONES. 4,5-Dihydro-3(2)-pyrida- 
zone, pyridazinone, C 4 H 6 ON 2 , b.p. 170°, is formed by the decairbox'ylation of 3- 
oxo-2,3,4,5-tetrahydropyridazine-6-carboxylic acid, C 4 H 6 ON 2 COOH, m.p. 198°, 
the product of the condensation of «-r)xoglutaric acid with hydrazine (Gabriel, 
Ber. 42 , 655); it decomposes when digested with alkalis, splitting into hydrazine 
and other products. 6-Methyl-4,5-dihydro-3(2)-pyridazone, m.p. 94°, and the 
6 -phenyl derivative, m.p. 149°, are obtaim^d from levulinic acid ester and /3- 
benzoylpropionic acid ester. 6-Phenyl-3-oxo-2,3,4,5-tetrahydropyridazine-4- 
carboxylic acid ester, m.p. 156°, from benzoylmethylinalonic acid with hydrazine 
hydrate. 4-Methyl- 6 -phenyl-4,5-dihydro-3 (2)-pyridazone, m.p. 157°, from 
benzoylisobutyric acid with hydrazine (Oppenheim, Ber, 34 , 4230). 2-Phenyl- 
6-methyl-4,5-dihydro-3(2)-pyridazone, C 4 H 4 (Cri 3 )ON 2 C 6 H 6 , m.p. 107°, b.p. 
340-350°, is converted by rCB and glacial acetic acid into 2 -phenyl- 6 -methyl- 
3( 2 )-pyridazone (sw above), and phenylmethylchloropyridazone, which gives 
phenylmethylethox-ypyridazone with sodium ethylate. Saponification of the 
latter yields phenylmethylhydroxypyridazone, which rearranges when heated 
with HCl at 170° to l-phenyl-3-methyIpyrazole-5-carboxylic acid (p. 100 ): 


C(On) -CX)—NCaHfi 

II I 

CH—C;(Cn3):N 




COall-C-NCCcHo) 


CII—CfCHa) 



CH-CO—NH 

Maleic acid hydrazide, || I , m .p. over 250 °, is a dioxotetrahydro- 

CH—CO—NH 

pyridazino. It is formed together with the isomeric N-arninomaleimide from 
maleic anhydride and hydrazine (Focsterling, J.pr. 51 , 371). The cyclic hydra- 
zides of the succinic acid series, formed by heating the acid chlorides with hydra¬ 
zine hydrochlorides (Vol. Ill, p. 160), are dioxohexahydropyridazines, or ortho-- 
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piperazones. 


1 -Phenyl-1,2-dihydro-3,6-pyridazinedione: 


CHa—CO—NC.H6 
tur-CO—NH 


(2) BENZOPYRIDAZINES. There are two isomeric benzo- 
pyriclazines, one having the benzo ring attached to the 3- and 4-0- 
atoms of the pyridazine ring, and the other having it attached to 
the 4- and 5-C-atoms. The former is cinnoline, and the latter, 

phthalazine: 



N 12] 

18] N 
[ 1 ] 

Cinnolino 

Benzo [c] pyridazine 


16 ]| 


13] 


, „ 1 N 13] 

181 11 ] 

Phthalazine 
Benzo [dj pyridazine 


Cinnolines are formc'd by the action of nitrous acid on o-arninostyreries {Wid- 
77iaHf Ber. 17, 722; Stocrrner, FincLc, Ber. 42, .3115): 


.C(C6H,):('Ih 


N()2H 


-> 




C;((:eU5):CH 

=N 


HydroxycinnolilUKjarboxylic acid is obtained from o-(carboxyethynyl)-ben 
zcnediazoiiium chloride by wanning with water: 


/('s=C-C(biI 

CeH/ 

\\2(01f) 




/(’(on)--c-co2H 

oH/ I 


Cinnoline, C 6 H 4 <( | , m.i>. 39°, strongly basic, poisonous, soluble in 


water and organic solvtnits, is prepared from 4-hydroxycinnoline-3-carboxylic 
acid, ni.p. 260° (see above), Tlie acid can be decarboxylated to 4-cinnolinol, 
C«H6N2(0H), m.p. 225°; tlie latter reacts with PC1& to give 4-chlorocinnoline, 
CgH 6 N 2 Cl, whose chlorine atom can be easily displacc^d by groups such as OH, 
OC 2 H 6 , and NHCeHfi. Jleduclion of 4-chl(»rociiui()line with iron filings and sul¬ 
furic acid yields dihydrocinnoline, C 6 H 4 (C^Ji 4 N 2 ), m.p. 88°, which can be oxi¬ 
dized to cinnoline with HgO {Busch, Klett, Ber, 25, 2847; Busch, Hast, Ber. 30, 
521). 

4-Phenylcinnoline (8(»e above), sulfur-yellow crystals, m.p. 67°, is obtained 
from o-amino-l,l-diplienyl(;thylene with nitrous acid; it is oxidized by KMnOi 
to 4-phenylpyridazine-5,6-dicarboxylie acid (p. 283) (Borschc, Ber. 42, 1315). 
4-Methylcmnolinecarboxylic acid, COOlK'eHsfC^NlbCC'Hs) I, yellow crystals, 
m.p. 230°, from o-amino})ropenyU)enzoic acid {Widman, ]h;r. 17, 722). 

/CH-=N 

PHTHALAZINE, CoH 4 < | , m.p. 91°, b.p. 189° (29 mm.), hydro- 


chloride, m.p. 231°, is prepared from ',a'-t.etrachloro- or, bettcT, tetra- 

bromo-o-xylene with hydrazine solution: 


/CHBr2 H 2 N 
C6H4< 4- I 

^CHBrs H2N 



and also from chlorophthalazine by reduction with hydriodic acid and phosphorus 
(Gabriel, Eschenhuch, Ber. 30, 3024; Gabriel, Ber. 36, 3377). A general synthesis 
for 1-substituted phthalazines, analogous to the method of forming the isoquino- 
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line ring, consists in the treatment of the bonzoylhydrazonos of benzaldehydes 
with hydrochloric acid in amyl alcohol solution {Aggarwal, Darhari, Ray, J. 1929 , 
1941): 




00^ 

! 

CelTs 


NH 





With motliyl iodicic phthalaziiio forms an addition product, C 8 H 6 N 2 'TCH 3 ; 
the latter reacts with silver oxide to form 2-m(dhyl-l (2)-phthalazone (p. 287) 
and with aqueous potassium hydroxide to give the same methylphthalazone, and 
also 2 -methyl-l, 2 -dihydrophthalazine ( 1 ), which oxidizes rapidly in the air to 
the methylphthalazone (r/. the similar reaction of the alkylqninolinium iodides, 
p. 230). Phtljala/ine is reduced by sodium amalgam io 1,2,3,4-tetrahydro- 
phthalazine ( 11 ), and by zinc dust and hydrochloric acid to a,a'-diaminoxylene, 

.CII^N /CHr-NIT 

(I) CfllT/ 1 CfiH/ I (11) 

NOH 3 \CIT 2 ~ ■ NH 

C«H 4 (CH 2 NH 2)2 (Vol. TIT, p. l{)7) {Gahricl, Pmkui^, Bor. 26, 2210; Oahriel, 
Muller, Ber. 28, 1830). Alkaline permanganate solution oxidizes phthalazine to 
4,5-pyridazinedicarboxylic acid {Gahrld, Ber. 36, 3378). 

Chiorophthalazine, (j 6 TT 4 (C' 2 llClN 2 ), m.p. 113‘', and also 1-methyl-, 1-propyl-, 
and l-isobutylchlorophthalazine, m.p. 130°, 67°, and an oil, are obtained from 
phthalazonc and alkylated phthalazones with P()(3:). 1,4-Dichlorophthalazine, 

m.p. 165°, by the action of POCI 3 on phthalylhydraziiK* (Vol. Ill, p. 387) 
(Ger. Pat. 481650, 1925, Frdl. XVI, 541). Wlien reduced these chlorf) com¬ 
pounds form derivatives of isoindole; cJilorophthalazine yields i,^-dihydroiso- 
indole (III) (for derivative's, see Frdnkcl, Ber. 33, 2810; v. Braun, Ber. 43, 1353) 
and l-methylchloropht,halazine gives X-mHliylimndolc (IV), whiedi can be re- 

(Til) Cell/ >NTT CJtZ J:n (IV) 


duced to rndhyldihydroisoiudole. The other homologui's behave similarly {Brom¬ 
berg, Ber. 29, 1434). With phosphorus and hydriodic acid the reduction of the 
chlorophthalaziiuis c.an be stopped at the phthalazine stage {Gabriel, Kschcnhach, 
Ber. 30, 3022; Paud, Ber. 32, 2014). 

1-Methylphthalazine (V), m.p. 74°, condenses like quinaldine (p. 232) with 
phthalic anhydride, chloral, and benzaldehyde to form (C 8 H 5 Na)CH:C 202 C 6 H 4 , 
(Cai,Nj)CH 5 ,-CH(OH)CCU, and (C 8 H 5 N;)CH;CH(::,H 6 , respectively {Gabnel, 
Eschenhach, Ber. 30, 3033). 1-Ethylphthalazine, C 8 H 6 N 2 (C 2 H 6 ), m.p. 23°, b.p. 
190° (16 mm.), from ethylchlorophthalazine. 


(V) 


Cell 


/Cn=-=N 

< I 

V.(CI-l3);N 



CH--N 


(VI) 


1-Phenyl- and 1-benzylphthalazine, m.p. 142° and 82°, from the correspond¬ 
ing phthalazones {Loeck, Ber. 38, 3918). 2-Phenylphthalazinium chloride (VI), 
m.p. 107°, is formed by the condensation of o-phthalaldohyde with phenjdhydra- 
zinc hydrochloride; with alkalis it gives 2-pheuyldihydro-l-phthalazinol, m.p. 
129°, which with hydrochloric acid regenerates th(i phonylphthalazinium chlo¬ 
ride {Thiele, Falk, Ann. 347, 114). 

PHTHALAZONES, oxodihydrophthalazines, aic obtained from aromatic 0 - 
formyl- and o-oxociirboxylie acids with hydrazines: 
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ycno H,N 

Cdl/ + 1 

H^OOll HoN 

Ph t h alal(1 oh.\ d i <’ acid 


(;6lU<( 


(X) NH 


1 (2)-]*h1hulazone 


PHTHALAZONE, ni.p. 18.3°, b.p. ,337”, can b(‘ prepared frotn oxodihydro- 
phthalazincicarboxylic acid, t,b(‘ coiidonsalion produtd, of plithalonic acid with 
hydrazine (Frdnkel, Bor. 33, 2808), or directly from phthalaldehydic acid and 
hydrazine {SaMes, Rec, 43, 329). Phihalazone forms a potassium salt, CgHs- 
ON 2 K, when treated with alcoliolic KOH, N-acetylphtnalazone with acetyl 
chloride and N-methylphthalazoiK? with metliyl iodide. Tlie latter compound is 
also obtained from N-methylplithalazinium iodide (p. 286). 

4-Methyl-l(2)-phthalazone (I), m.p. 220”, b.p. 348°, from o-acetylbenzoic 
acid {Gabriel, Nev/mann, Ber. 26, 524; Liehernuum, Biulrzyski, Ber. 26, 535). 
4-Ethyl-, propyl-, isobutyl-, and benzyl-1 (2)-phthalazone, m.p. 169°, 156°, 113°, 
and 152° {Bromberg, Ber. 29, 1434; Paul, Ber. 32, 2016). 4-Phenyl-l(2)- 
phthalazone, m.p. 106°, from [>hthalaldehydic acid and phenylhydrazino {Sceklcs, 
Hec.43,329). 


(I) Ceil/ I (Xn/ I (II) 

\(]{) -NH Ne'ey 

Phthalazinediones an; tin; c 3 ^cli(; hydrazid(‘s of j)lithalic acids. Since they 
correspond to the o-pip(;razones (p. 285), tlu;y are also known as benzo-o-pipera- 
zones. 1,4-Phthalazinedione, pkUiaioylhiylrazine (11), m.p. over 250°, is formed 
from phthalic acid ester, chloride, or anhydride witli hydrazine {Raelenhausen, 
J.pr. 52, 447; Davidia, ,1 .yjr. 54, 66); with PO(31a it gives 1,4-dichlorophthalazine 
(Ger. Pat. 481650, 1925). 2-Phenyl-1,4-phthalazinedione, phthaloylphenyl- 
hydrazine, from i)hthalie. acid monoplu'nylliydrazide by h(;atitig. 

Benzolcjcinnoline, phenazone,* dibenzopyridazine, crystallizes in the form of 
y(;llow needles, m.p. 156°, is isomeric with phenazine (p. 305). It is prepared 
from 2,2'-dinitrodiphcnyl by electrolytic reduction or by reduction with sodium 


19] t]0] 

XUI- (31 
GIl< 

l«l XJH- C 


HI [2] 

X’li -(3K 

-(< >31 m 


R] 


16] 151 


14] 


amalgam and methanol; an intramolecular formation of an azo group takes place: 


C6H4^ 


/NO2 (32Ns 


-XJell, 






-CeH4 


The monoxide and dioxide of b(;nzo[c]cinnoline are formed as intermediate 
products. Benzocinnoline oxide (m.p. 139°) is also quickly obtained by re¬ 
duction of 2,2'-dinitrodiphenyl with sodium sulfide; it is reduced to benzocinno¬ 
line by stannous chloride {Ullmnnn, Dietcrle, Ber. 37 , 24). Another method for 
preparing benzo[c] cinnoline is to heat 2,2 '-dihydrazinodiphenyl with hydrochloric 
acid at 150°. Reduction of benzocinnoline with tin ana HCl gives 5,6-dihydro- 
benzoIc]cinnoline, Ci 2 H 8 (N 2 H 2 ) {Tauber, Ber. 24, 3083), Benzocinnoline is a 
base; it adds alkyl iodides {UUmann, Dietcrle, Ber. 37 , 25). The relation of 
Ixuizof cl cinnoline to pyridazine is evident from its oxidation by p(;rmanganate to 
pyridazinctetracarboxylic acid (p. 283). 

Dimethylbenzo[c]cinnoline, tolazone, ( 07136 ) 2 X 2 , m.p. 187°, is obtained from 
2,2'-dinitrodimethyldiphcnyl {Meyer, Ber. 26, 2239). 2,9-Dimethylbenzo[c]- 
cinnoline, m.p. 188°; 2,9-diaminobenzo[c]cinnoline, m.p. 265° {UUmann, 
Dieterle, Bor. 37 , 23). 

Compounds containing a pyridazine ring combined with a triazole ring have 
been prepared by condensation of N-arainotriazole with 1,3-diketones and j3- 
oxocarboxylic acids esters {cf. p. 156, and Billau), Ber. 42, 2594). 


Antipyrine (p. 106) is also sometimes called phenazone. 
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(b) 1,3-Diazines 


(1) PYRIMIDINES. Pyrimidines, or 1,3-diazines, are ring- 
hornologues of the imidazoles (p. 124), and, like them, may be re¬ 
garded as cyelie amidines. Purines, eontaiiiiiig a pyrimidiiK' ring 
fused to an irnidazoh^ ring, are mostly treated in Vol. I, because of 
their relation to uric acid and the unades of the malonic acid series. 

Pyrimidines are prepared by the following methods: 

1. From carboxylic, iiv.kl amidines with 1,3-diketones {Pinner^ 
Ber. 26, 2125): 


CelbCX + (31/ 

^NHo ^COCHz 


>(TI 


The reaction of amidines with /3-forinyP and j8-oxocarboxyli(; acids giv(^s 
hydroxypyrimidines, and with cyanoacetic ester, arninohydroxypyrimidines. If 
ureas, thiourefis, or guanidines are used in place of amidines, dihydroxy pyrimi¬ 
dines (uracils), arninohydroxy- and diaminohydroxypyrimidines, respectively, 
are produced. Theses compounds have becai j)artially described in Vol. 1, in con¬ 
nection with the purine group. 


/NH 

CJbC<f + C 
^NTT2 


NH-X 


NH 

Nib, 


COCU, 

{)()(bH, 
€N 
N 


■n<; 


cii/’/ V'li 

.N-CX-NH.k 

NIT/'/ 

\N—('(NIIj)/ 


The synthesis with thioureas, in particular, can be varied widely. For example, 
with 7 -dielhoxyacetoacetic ester, a formyl group is inti‘oduced in the 4-position; 
this is the only react ion now known that yields aldehydes of tlu' pyrimidine series 
\Johnso7i, Cretcher, Am. 37, 2144; J.Biol.Chem. 26 (1917), 99]: 

HNH IbCaOCO IIN—(X) 

HS-o + ifi -> ns(i rn 

NH Holl—CHCOCJI,), N-l:—C:H(()CJT6)2 

With POCI 3 the hydroxypyrimidines give chloropyrimidiru^s, which are 
generally converted to pyrimidines by digi^stion with zinc dust and water. 

Amiliopyrimidines (cyanoalkinos) arc formed when nitriles of 
fatty acids are heated with sodium or sodium ah^oholate at 150°. The 
structure of the aminopyrimidines is evident from their t^onversion by 
nitrous acid to the hydroxypyrimidines obtained according to method 
1 [Holtzwarty J.pr. 39, 230; v. Meyer^ IW.Verhandl.K.sachs.Gcs.Wiss. 
57 (1906), 324]: 

CH3 • C ::r^=N-CCH3 -CCH, 

SCIIaCN -> I II -> I II 

N^GCNIb)—CH N--C(OIl)—Cn 

The interrnediatii products of this reaction are probably imines of jS-oxo- 
carboxylic acid nitriles, such as CHaCC.NHlCHsCN, (c/. Vol. I), which combine 
with a third molecule of the nitrile to give aminopyrimidines. Mixtures of two 
alkyl cyanides also give aminopyrimidines when heated with sodium or sodium 
alcohol ate. 

PYRIMIDINE, (^)CH<f ViHImJ or 16] CH<f \cH is), m.p. 

\CH=N/ \CH=N/ 

H) 141 IS] 
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21°, b.p. 124° (760 mm.), a base of narcotic odor, soliiblo in water, precipitated 
by sublimates It is prepared by dry distillation of 4-pyrimidineearbox34ie acid 
or by digestion of tri- or tetrachloropyrirnidine with zinc dust and water (Hulow, 
Schlesinger, Her. 33,3366; Emery, Ber. 34,4178). It forms a characteristic mok'c- 
ular compound with HgCli, which is sparingly soluble in watea*. Gold chloride^ 
compound, m.p. 226°; picrate,m.p. 156°. 

The following derivative's wert> pre^pared in t,he usual way, that is, by re'eluction 
of chlorinateel pyrimidines. 4-Methylpyrimidine, m.p. 142°; 5-methylp., m.p. 
30°, b.p. 152°; 2-methylp., m.p. —5°, b.p. 138°; 4,5-dimethylp., m.p. 3°, b.p. 
177°; 4,6-dimethylp., m.p. 25°; b.p. 159°; 2,4-dimethylp., b .p. 146°; 4-methyl- 
5-ethylp., b.p. 193°; 4-methyl-2-phenylp., m.p. 22°, b.p. 270°; 2,4-diethy 1-5- 
methylp., cyanoconiine, b.p. 205°, having an action similar to coniine (p. 332) 
{Gerngross, Ber. 38, 3394). 4,6-Dimethyl-2-phenylp., m.p. 83°, b.p. 276°, 
from benzamidine and ae;edy I acetone (see above). 

Th(i methyl group be'tween the two N-atoms, as in the case of picoline and 
eminaldine, condenses with benzaldehyde to P • [4] CH: P > [ 61 (C .H : - 

CHC 6 H 6 ) 2 , {Gabriel, Coiman, Ber, 36, 3383). 4-Mt'thylpyrimidine, pre'()ared 
very easily from methyluracil (see below), deM;omposcs to 1,3-diaminobiitane when 
rcduceid with Na and alcohol {Eyk, Be'r. 36,1024; Johm^on, Joyce, Am. 38,1854). 

No simple preparation for pyrinmlmccarhoxaldehydes is kne)wn. By circuitous 
methods a few hydroxy- anel eiihydre)xypyrimidinecarboxaldehyde's have' be?en 
obtained (see p. 291). 

CARBOXYLIC ACIDS arc fe)rme'd by e)xidat.ie)n of methyli)yrimieruu‘vS wdtli 
KMn 04 . Carboxyl groups next to N-atoms are^ I'asily remove^d. 4-Pyrimidine- 
carboxylic acid, m.p. 240° (dec,), fre)m 4-methylpyrimidine. 5-Methylp.-4- 
carboxylic acid, from 4,5-dimethylp. {Schlenker, Ber. 34, 2825). 6-Methylp.-4- 
carboxylic acid, from 4,6-dimethyip., te>g(ither with 4,(>-i)yrimidineidicarbo.\ylic 
acid (Angerstein, Be^r. 34, 3956). 4,5-Pyrimidinedicarboxylic aciel is e)btained 
from quinazoline (beaizopyrimidine, p. 292) by oxidation witli KMn 04 ; wdien 
heated it loses CO 2 , leaving 5-pyrimidinecarboxylie; ae*id {Gabriel, Coiman, Ber. 
37, 3647). 

HYDROXYPYRIMIDINES are taiitoinej’ic with jiyrimidories 
(oxodihydropyrimidiiios) : 



CH 


HOC (;il 


/ 


CIl- 


cu 

(dl 


^'"Nh/ 


The pyrimidono derivatives include many physiologically important ce)m- 
pe)unds, which occur either as elecemiposition proelued.s of jnirine's (such as uric 
acid) or as cleavage products of nucleic acids (Ve)l. 1, p. 748) . Uracil was first 
obtained by the hydrolysis of nucleic acid freun yeast {Ancidi, Z.physiol.(3lemi. 
31, 162). Thymine and cytosine can be similarly isolated from the thymus nu¬ 
cleic acid {Kossel, Neumann, Ber. 26, 2753; 27, 2219). 

The basic syntheses of pyrimidols are given on p. 288. 

PYRIMIDOLS, MONOHYDROXYPYRIMIDINES. 2-Pyrimidol, 2(T)-pyr. 
imidone, m.p. over 320°, from 2-ethylmercaptopyrimidine by acid hydrolysis 
{Johnson, Joyce, Am. 37, 2151). 4-Pyrimidol, 4:{Z)-pyrimidone, rn.p. 165°, from 
2,4-dichloropyrimidine with coned. HI and red phosphorus [Wheeler, J.Biol. 
Chem. 3 (1907), 285]. 2-Methyl-4-pyrimidol, m.p. 212°, from acetamidine and 
malonaldehydic acid ester {Gabriel, Ber. 37, 3639). 2-Phenyl-4-pyrimidol, m.p. 
208°, b.p. 260-263° (30 mm.), from its carboxylic acid, w4iosc ester, m.p. 214°, 
is obtained from benzamidine or benzamidoxime with di car boxy glutaconic acid 
ester (Ruhemann, Hemmy, Ber. 30,1488; Wolf, Ber. 30,1564). 2,4-Dimethy 1-6- 
pyrimidol, m.p. 192°, from acetoacetic ester and acetamidine, or from 2,4-di¬ 
methyl-6-aminopyrimidine (see below) with nitrous acid. 4,6-Dimethyl-2- 
pyrimidol, m.p. 198°, from acetylacetone and urea {Angerstein, Ber, 34, 3956; 
Stark, Bogemann, Ber. 43, 1126). 2-Phenyl-4-methyl-6-pyrimidol, m.p. 216° 
{Scfmidt,Bet. 35, 1676). 
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PYRIMIDINEDIOLS {(iihy<hoTijpyrimidineH) or ura(‘i]s are obtained from 
/!?-oxo(’/arboxylic aind esU'i’K and nr(‘a, from arninopyrimidolH with HNOa or by 
healinjj; wifi] hydioehloric aeid or from hydrouraeiJs with bromine, 

URACIL == 2,4(1 ,;t)-pyrimidinedione or 2,4-pyrimidiiiediol (synthesis, i)rop- 
erties, Vol. I, p. 628). Thymine {rt-rnethyluracil) and 4-metliyiuraciI (Vol. I, 
pp. 628-629). 4,r)-I)imethyluracU, in.p. 290"; 4-methyl*5-ethyluracil (Byk, 
Tier. 36, 1915), ete. 

2,4,6-Pyrimidinetiiol, 2,4,6(I,8,5)-pynmidinetrione, is barbituric acid (malon- 
yliirea). For tliis acid and its derivatives, see Vol. I, p. 630. 

Alloxan, 2,4,5,6-pyrimidinotetrol, 2,4,5,6(l,3)-pyrimidinet(‘trone, produced 
by the cleavaj^e of uri(^ acid with concentrated nitric acid (Vol. I, p. 633). 

HYDROXYPYRIMIDINECARBOXYLIC ACIDS. Uracil-4-carboxylic acid, 
2f6^iky(iroxy'pyrimiditherarhoxylica.cifi, dec. 346°, by oxidation of 4-melhyluracil; 
the ethyl ester (m.p. 189") is synth(;sized from oxaloacetic est(^r and urea, accord¬ 
ing to method / (p. 2 S 8 ). It is identical with orotic acid (liachafcz, Rer. 60, 
1000 ), one of the corap()iinds isolabKl from the mother liquor of lactose production 
I Biffcaro, Jidloni, ( I. 1905, II, 63]. 

AMINOPYRIMIDINES (Cyanmltincs). (r/. methr)d p. 288). 2 ,4-Di¬ 
methyl- 6 -aminopyrimidine, ryanornclhinc, m.p. 180°; 2 ,4-diethyl-5-methyl- 6 - 

aminopyrimidine, cyaiLocUdne, m.p. 189°; 2,4-dibenzyl-5-phenyl-()-aminopyrimi- 
dine, cyanohcnzyJwe, m.p. 106° (KratZy J.pr. 53, 210). 

2-Amino- and 6 -aminopyrimidine and 2 , 6 -diaminopyrimidine, from their halo¬ 
gen derivatives by rcHluction {(hhriely Ben*. 34, .3362; HtiUncr, Tier. 36, 2227). 

2.4.6- Triaminopyrimidine, m.p. 246°, from 2,4,6-trichloropyrimidino with NH 3 
at 200°, or from guanidin(‘ and malononitrik! with sodium ethylate (Tra/uhe, 
Rer. 37, 4544), reacts with UNO-i to form nitrosotriaminopyrimidine, wdiich can 
be reduced to 2,4,r),6-tetraaminopyrimidine. 4,f),6-Triammopyrimidine, which 
gives adenine (Vol. I, pp. 641, 64.3) when heated with formic; acid, is prepared 
from 4,5,6-lTianiino-2-thiopyriTnidino by oxidation with H 2 O 2 ; the latter com¬ 
pound is obtaifKHi from 4,6-diamino-2-thiopyrimidine, wliich is synthesized from 
malononit-rilo and thiourea. Thioun^a and cyanoacetic (;st(‘r give 4-amino- 
2-thiopyrimidol, which can be conv(;rted to 4,5-diamino-2-thiopyrimidol; 
when condensed with formic acid and oxidized (to nanovi; the SH-group), the 
latter yields hypoxanthine (Vol. I, pp. 641, 642) {Traubc, Ann. 331, 64). 

AMINOPYRIMIDOLS are pn^pared: (/) from /51-ox()(*arboxylic acid esters 
with guanidine, e.g.y 4,5-dimethyi- and 4-methyl-5-ethyl-2-amino-6-pyrimidol 
from guanidine with mt'iliyl- and with ethylacetoacetic ester {Schlcn^ker, Rer. 34, 
2835; Byky Rer. 36, 1915). (£^) From araidines with cyanoacetic ester and Na 

ethylate, c.p., 2 -methyl- and 2 -phenyl- 6 -amino-'l-pyrimidol {Trauhcy Ilcrrmayin, 
Ber. 37, 2267; Ger. Fat. 135371, 1901), 4-Amino-2,6-pyrimidinediol, by con¬ 
densation of cyanoacetyliirea in alkali {Baum-y Ber. 41, 525). 4,5-Diamino- 

2. 6 - pyrimidinediol and 5-amino-2,4,6-pyrimidinetriol {uramil) are used in the 
synthesis of uric acid (Vol. I, p. 639). 

Cjrtosine, A~amino-2{\)-pyrimidone or 4~animo-2-pyrim,idoly was first obtained 
from thymus nuckac acid. Synthesis, properties: Vol. l,p. 628. Cytosine 
can be prepared with better yield from uracil over 2 , 6 -dichloropyrimidine (cf. 
Hilberty Johnsony Am. 52, 1152). 5-Methylcytosine is a cleavage product of the 
nucleic acid of the tubercle bacillus {JohnsoUy Coghilly Am. 47, 2838). 2,5- 

Diamino-4,6-pyrimidinediol, having a characteristic crystalline sulfate which is 
sparingly soluble in water, is identical with dwicincy a product of the cleavage of 
vicine (from vetch) with 20 % sulfuric acid fLcwm;, J.Biol.Chem. 18 (1914), 305; 
Fischer, Rer. 47, 2611; Levency Seniory J.Biol.Chem. 25 (1917), 607] (cf. the 
analogous formation of alloxanthine from convixine, Vol. I, p. 634). 

CHLOROPYRIMIDINES are form<;d from pyrimidols with POCb; they are 
import,ant intermediates, since the chlorine; atoms art; easily replaced by NH 2 , 
OR, SH, or H. When pyrimidine is treated with bromine the S-position is sub¬ 
stituted first (Johnson, Joyce, Am. 38, 1557). 4,5-Dimethyl-2-chioropyrimidme, 
m.p. 38°, b.p. 223°; 2,4-dimethyl- and 2 -phenyl-4-methyl- 6 -chlorop. (Anger- 
stein, Ber. 34, 3956; Schmidt, Ber. 35, 1575). 4-Methyl-2,6-dichlorop., m.p. 
47°, b.p. 219°; 4,5-dimethyl-2,6-dichlorop., m.p. 71°; 4-methyl-5-efiiyl-2,6- 
dichlorop., m.x^. 39° (Schlenker, Ber. 34, 2825; Byk, Ber. 36, 1915). 2,4,6- 
Trichloropyrimidine, m.p. 21°, b.p. 213°, from barbituric acid (Gabriel, Colman, 
Ber, 37, 3657); 2,4,5,6-tetrachloropyrimidine, m.p. 70°, from dialuric acid 
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(Fichter, MerckivSt Her. 34, 4176). DepondiiiK on the temperature, trichloro- 
pyrimidine reacts with Nils to give auiinodichloro-, diamiriochloro-, or triamino- 
pyrimidine (see above). 2-Phenyl-r)-chloropyrimidine, rn.p. 96®, and 2-phenyl- 
6-bromopyrimidine, m.p. 104®, are obtained from their carboxylic acids, whicli 
are prepared from mucocliloric and mu(‘obromi(^ a<;id with benzarnidine {Kunckell, 
Sarferif Ber. 35, 3169). 

HYDROXYPYRIMIDINECARBOXALDEHYDES. Uracil-4-carboxaldehyde 

(hydrate), m.p. over 300® (Johnnofty Crcicfiery Am. 37, 2144). Thymine-4- 
carboxaldehyde, m.p. 205® (1 H 2 O), by hydrolysis of the diethyl acetal of 2- 
ethylmercapt.o-4-thyminecarboxaldehyde (Johnnony Crctchcry J.Biol.Chem. 26, 
99). P\)r the explanation of this synthesis, see p. 288. Cytosine-4-carboxalde- 
hyde, m.p. 255° (d(‘C.) {Johnson^ MatauOy Am. 41,810). 

HYDROPYRIMIDINES. T(^trahydr()i)yrimidines are obtained from 1,3- 
(iiainines with carboxylic acids or from 1,3-dibromides with carboxylic acid 
amides. 2-Methyltetrahydropyrimidine (I), m.p. about 73®, b.]). 120-126° 
(20 mm.), from 1,3-proj)anediamine with a,c(‘tic acid; 2,4,6-trimethyltetrahydro- 
pyrimidine, n.s- and Ov/a^'-forrn: m.p. 73° and P)2°, fi*om tlu^ two forms of 2,4- 
pen tanediamine with acetic acid (llarrlrs, IJaga, Ber. 32, 1191 ; Hagdy Majiinay 
Ber. 36, 334). 2-Phenyltetrahydropyriinidine, fnan 1,3-dibromopropane and 
benzarnidine {Pinner, B(‘r. 26, 2122). 2-Phenyldihydro-5(4)-pyriniidone, m.p. 
91°, from diaminoacetoiHi and iKmzoyl (ddoride {Hugheinwr, MucJiel, Ber. 25, 
1504; Trauhe, Ber. 27, 277). 4,6,t)-TrimethyIdihydro-2(] )-pyrimidone (II), 


(I) 


(]\\ -N 

(JIl/ >(X"II, 

xm^Niv 


ii(’< 


^C(CU,) -Nil 



(II) 


rn.p. 194°, from N-(a,a-dimot.hyl- 7 -oxobutyl)-urea, NIT2CONIIC(CH3)2’“ 
CIIaCOtdT,-] {Tr(t,nUe, Jjoretiz, Ber. 32, 3156). 

1,3-Diphenylhexahydropyrimidine, m.]). 87°, from trim(‘thyl(ai(‘dianiliue with 
formaldthyde (Srholz, Bm*. 32, 2253). 

The 0 x 0 iukI imino derivatives of di-, tetra-, and hexahydroppimidines are 
the tjiut-oineric foriiKs of mono-, di-, and t rihydroxypyrimidines, {iminopyrimidinos 
and hydroxyaminopyrimidines (.s(‘e abov(‘). 

Purine and its derivatives c-ontmn a double rin^ of pyrimidine and imidazole. 
The purines are usually syntlavsized from 4,5-diaminopyrimidines or 4,5-amino- 
pyrimidols (sw above and Vol. 1, pp. 638 

Alloxazine, 2,4(l,3)-p//rmhio[4,5-5]gv/v>/o.ro///m’d/o/n', pn^panal from alloxan 
and o-ph(mylen('diamine, has a rin^ system somewhat similar t,o tiiat of purine 
{Kuhlingy B(ir. 32, 1650, and oth(‘rs): 


-N\ 

V'H 


C1T-=N—C-NII 

Purine 


NlI-(:() (^--N 


CO - NH 

AlloxaziTie 


V 

>cv.n4 
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Compounds containing a pyrimidine rinp; fused to a s-triazole or tetrazole ring 
are obtained by condensation of C-aminotriazole (p. 156) and C-aminotetrazole 
(aminotetrazotic acid) (p. 172) with 1,3-diketones or /3-oxocarboxylic acid esters 
(BuIow, Ber. 42, 4429; BiiloWy HaaSy Ber. 42, 4638): 


CH3C=N 


CTI--N\ 

I >N 
CH:C(CIT3)*N—C1F 


5,7'Dimethyl-s-tnazolo[2,3-al- 

pyriuiidine 


CHrC- 


-N~ 


-CH=-N 


CH:C((dB)-N-N 


N 


5 ,7- D i rri oi I) tetra zol o [a ] - 
pyj’irrii<iin«‘ 


(2) QUIN AZOLINES. The quinazoline.s are benzopyrimi- 
dines or berizO“l,3-diazines. They are isomeric with the phthal- 
azines, the cinnolines (p. 285) and the quinoxalines (p. 299). Their 
formula may be derived from the quinoline or is(»quinoline formula 
by replacement of a methine group by N; 
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3 


8 1 

QiiinazoJiiios are prepared from acyl derivatives of o-aminobenz- 
aldehyde and of e-aminobenzyl ketones {Bogerty McColm^ Am. 49, 
2650) by treatment with alcoholic ammonia {Bischlerj Langj Ber. 28, 
279): 



CHO 


NH- 

o-AccUniidobonzaldchydc 2-Methyiqaiiiazoline 

Quinazolines are also obtained by oxidation of dihydroquinazolincs 
with potassium ferricyanide {Gahrid, Ber. 36, 810). 

The quinazolines are stable tertiary Vjases which distill undecom¬ 
posed. They add alkyl iodides. They are reduced by sodium and 
alcohol to dihydroquinazolines {Bischler^ Howell^ Ber. 26, 1385). 
Oxidation with chromic acid in glacial ac(itic acid converts quiiiazo- 
lines in which the CH-group next to the benzene ring is free into oxo- 
dihydroquinazolines (or hydroxyquinazolines, p. 293). With mineral 
acids the pyrimidine ring is opened by hydrolysis. 

QUINAZOLINE, herizopyrimidmc, Cell/ I , m.p. 48% b.p. 243% 

from dihydroqainazoliiic with potassium ferricyanide and from the condensation 
product of o-nitrohcnzaldehyde with forraamide by reduction with zinc dust and 
acetic acid (Bogert, McColm, Am. 49 , 2650). It adds methyl iodide at the 3-N- 
atom. This addition product is converted by aqueous potassium hydroxide to 
3-methyl-3-quiruiz(>linium hydroxide, C 8 HfiN 2 (CH 5 )OH, m.p. 164°, which de¬ 
composes when distilled with acpieous potassium hydroxide into formic acid and 
a-methj^liminotoluidine, NH 2 C 6 H 4 CIT;NCH 3 {Gabriel, Colrnnn, Ber. 37 , 3650). 
With KMn 04 quinazoline is oxidized mostly to 4,5-pyrimidinedicarboxylic acid 
(p. 280) {loc. cU., p. 3646). 

2-Methylqumazoline, m.p. 41°, b.p. 248°, from o-acetamidobenzaldehyde or 
2-methyldihydroquinazolino {Gabriel, Ber. 36 , 810). 4-Methylquinazoline, b.p. 
260°, from its 2-carboxylic acid {Bogert, Nabenhauer, Am. 46 , 1932). 2,4- 

Dimethylquinazoline, oil, b.p. 249° (hydrate, m.p. 71°), from o-acetamidoaceto- 
phenone with NHs. 2-Phenylquinazoline, m.p. 101°, is obtained from o-benz- 
amidobenzald('hyde with NHa, from 2-(aminoi)enzyl)-benzamide instead of the 
expected diliydro derivative (p. 293) and from 2-chloroquinazoline and benzene 
by the Friedel-Ch’afts method (Brit. Pat. 287170, 1928). 2-Methyl-4-phenyl- 
quinazoline, C8H4(Cqi3)(C6H5)N2, m.p. 48°, from o-acetamidobenzopheuone, is 
oxidized by chromic acid to 4-phenylquinazoline-2-carboxylic acid. As in quinal- 
dine, the methyl group in the 2-position is very reactive {Bogert, Nabenhauer, 
Am. 46 , 1932).' 

2-Phenylquinazoline-4-carbo;cyUc acid, m.p. 151°, the analogue of atophan 
{Bogert, Nabenhauer, Am. 46 , 1702). 

Chloroqninazolines are prepared from oxohydroquinazolines with PCb. 2- 
Chloro- and 4-chloroquinazoline, m.p. 108° and 96°, from 2(1)- and 4(3)- 
quinazolone; 2-chloro-4-phenylquinazoline, m.p. 113°, from 4-phenyl-2(l)- 
quinazolone {Gabriel, Stelzner, Ber. 29, 1310); 2,4-dichloroquinazoilne, m.p. 
115°, from 2,4(l,3)-f|uinazolinedione (p. 296). 

For (juinazoline^ with partially hydrogenated pyrimidine rings, there arc three 
possible structures: 



NIIj 


COClb 


/ClI-N 

J 




CCAh 
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(I) c 




(;n=-N 

! 

NH—CHR 


/Cn2—NTI yClhr-l^ 

(II) UH< i (III) r«if/ i! 

\n=cr \nh—cr 


These are the 1,2-, 3,4-, and 1,4-dihydroquinaz()linos. 


Dihydroquinazolines, containing the same atoniit; grouping, 

— 

^CR as the benzimidazoles (j). 133), the anhydro-bases of 
-NH^ 


o-phenylenediarnine.Sj may be eonsidi'red as ring-liomologues of the 
latter, the anhydro-bases of o-amiiiobenzylamin(‘s (Vol. Ill, p. 263). 
They are formed by elimination of water from the acyl derivatives of 
o-aminobenzylarnine and its substitution products {Gabriel, Jansen, 
Ber. 24, 3096; Wolff, Ber. 25, 3037; Paal, d.pr. 48, 537; 54, 258; 
Gabriel, Colman, Ber. 37, 3644). They are also synthesized from 
p-substituted aromatic amines, such as p-toluidine, with formalde¬ 
hyde; the N,N'-diarylmethanediamines first formed are converted 
by a modification of the semidine rearrangement to o-aminobenzyl- 
amines, which react with the formic acid (from the formaldehyde) to 
give diliydroquinazolines {Maffei, Gazz. 58, 261). Tlie following 
equation illustrates the ring-synthesis: 


/CUla—Nil 
Cdi/ I 
^Nlb COR 



The reaction follows the same course if tlui acyl p^roup is on tlu' aromatic 
NHs-radioal {Biachler, Ber. 26, 1<S91; Wuhnan, J.pr. 47, 343). I)ihydro(]iiin- 
azolinas are also formed by n'duction of t he corn'spondiiif^ o-nitrolxMizylamino de¬ 
rivatives (c/. Paaly Bc7\k(:r, Ber. 32, 1251; Panl, Ifdrivly Ber. 32, 2057). 

The dihydroquinaz.olines ani rather strong bases, forming stabh' salts. The 
imiiie hydrogen is readily replaced by alkyl groups. When oxidized, they first 
give quinazolines, then (piinazolones (hydroxyquinazolines). Distillation with 
zinc dust decomposes them, treatment with sodium and alcohol reduces them to 
tetrahy droquinazolines. 

yCHa—NH 

3,4-Dihydroquinazoline, C 6 H 4 <; I , m.p. 127°, is obtained by reduc- 

\n=ch 

tion of N-formyl-o-nitrobenzylamine, by heating o-aminobenzylamine with 
formic acid {Gabriel, Colman, Ber. 37, 3645) and by reduction of 2- and 4-chloro- 
quinazoline and 2,4-dichloroquinazoline (see above) with glacual acetic acid and 
hydriodic acid (Gabriel, Colman, Ber. 38, 3559). 3 -Methyl -3,4 -dihydroquin- 

azoline, m.p. 92°, b.p. 309°, from o-aminobenzylmethylamine with formic acid. 
3-Phenyl-3,4-dihydroquinazoline, m.p. 95°, from o-iiitrobenzylformanilide or 
from o-aminobenzyl alcohol and formanilide (Ger. Pat. 113163, 1899). Diethoxy 
derivatives of this compound are local anesthetics (Maffei, Gazz. 59, 3). 2- 

Methyl-3,4-dihydroquinazoline, from N-o-aminobcnzylacetamide; 4-phenyI- 
3,4-dihydroquinazoline, m.p. 166°, from 2-chloro-4-phenylquinazoline by re¬ 
duction (Gabriel, Stelzner, Ber. 29, 1310). 

4-OXO-3,4-DIHYDROQUINAZOLINES, /3- or 4(3)-QUINAZO- 
LONES {A-^hydroxyquinazolines), are synthesized from acyl deriva¬ 
tives of o-aminobenzamide (this is analogous to the formation of di- 
hydroquinazolines from acyl derivatives of o-aminobtmzylamines): 


/CO—NHa 
CeHZ 

^NH—COCH, 


or 


/CO—NH 
Cell/ 1 
O 


OCH, 


/CO—NH 
Cell/ I 
\n=cch, 
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Similar prcxiiKds Jiro obtained by lanatinK ae.ylanthranils or acyl derivatives of 
antbranibc aend esUa- with Nlf.j or primary aiiiinc^s, ajitbranilfiiiilrile with fatty 
acid amides, and aiiiliraJiilic acid tbiainidc^ or anthraniloiiitrile with carboxylic, 
acids or tb<‘ir anhydiidos ( Hogcrl, HremmaUj Hand, Am. 25, 372; Bogert, Gartner, 
Amend, Am. 33, 949; Heiihron, Kitchen, Burkes, Std.lon, ,1. 127, 2107) (Vol. Ill, 
p. 328). Another typi^ ol' rin^-c.losun^ is illustrabnl by tlu^ synthesis of ‘Z-benzijK 
A{'S)-quinnzolon.es from N-arylj)henacetami(les and urtHlians in boiling toluene 
solution [Aggarwal, Das, Ray, J.lndianChem.Soc. 6, (1930), 717]: 



CO-OCaTU 

AXl-CIE-Cyifi 



Nil 

CllsCell 


6 


Tiesidos tlicHO, syiilliclic. tticl.liod.s, riuiiiazolono.s ar(^ al.st> jiropared by oxidation 
of qiiiuazolines and diliydnxiuinazolinos. 

2-OXODIHYDROQUINAZOLINES, 2(])- or a-QUINAZO- 
LONES, are formed by heating; o-ainiii()l)enzaldehydes and o- 
aininobenzyl ketones with urea {Gabriel, Stelzrw.r, Bor. 29, 1300): 

yClIO Nib /(TI-N 

C6H4\ + I - > (^6lf4\ J 

^Nlb CONlb ^NII—CO 

The quinazoloncs have both weakly basic and phenoli(‘ properties, and th(‘re- 
fore may also be considered as hydroxyquinazolines. Wilh alkyl iodides they 
give N-alkyl derivatives of the keto-form; th(‘ isorniTic. alkoxycpiinazoliiH^s are 
obtained from th(i chloro(iuinazolines (]). 292) with sodium alcoholates (Bogert, 
May, Am. 31 , 507). 

4(3)-Quinazolone, 4-ox()-li,4-dUnylroqidnuzoiine, rn.p. 214°, from anthranilic 
acid with formamide and from its carboxylic acid (see below) (Knape, J.pr. 43 , 
215; V. Niementowski, J.pr. 51 , 5G4), yields with iiaJliyl iodide 3-methyl-4(3)- 
quinazolone, CHlbON 2 -CIb, rn.p. 71°. 

2-Methyl-4(3) -quinazolone, rn.p. 232°, is prepared from o-acetamidobonzamid(^ 
or N-o-aminobonzoylacet amide (se^e above), from anthranilic acid and ac(‘tonitrilo 
{Bogert, Gotthelf, Am. 22, 129) and by oxidation of 2-methyl(iuinazoline {Bischter, 
Lang, Ber. 28 , 279). Like* picoline and quinaldira^, it condenses with benzalde- 
hyde to give 2-styryl-4(3)-quinazoh)ne {Bogert, Beal, Amend, Am. 32 , 1654; 
Heiihron, Kitchen, }*arkes, Sutton, J. 127 , 2107). 2 -Phenyl -4(3) -quinazolone, 
C 8 H 5 (C 6 H{i)N 2 (), rn.p. 230°, from plumyhiuinazoline by oxidation, from o- 
benzoylamiiiobenzamid(‘ and from anthranilic acid esi,t‘r by condensation with 
benzimidoothyl ether (Vol. Ill, p. 308, and Finger, Schupp, J.pr. 74 , 154). 
3 -Phenyl-4 (3) -quinazolone, rn.p. 139°, by oxidation of 3-phenyldihydroquin- 
azoline (Baal, Kreckc, Ber. 24 , 3055) or by (‘ondensat-ion of anthranilic acid and 
formanilide [Kvlisch, Z. osterr.Aj)oth.-V. 37 (1899), 138]. 

4-Oxo-3,4-dihydroquinazoline-2-carboxylic acid, rn.p. 230° (with evolution 
of CO 2 ) is formed by nairrangement of cyanoxanilic acid, CN • C 6 H 4 NH • COCOOH 
and by the action of alcoholic arninonia 011 ethoxalylanthranil. Its nitrile is 
produced by the reaction betwetm eyanogcni and anthranilic acid in aqueous solu¬ 
tion {Reissert, Gruhe, Bit. 42 , 3713; Bogert, Gortner, Am. 32 , 119). 

2(1) -Quinazolone, a-quinazolone, is prepanul from o-arninolxmzaldehyde and 
urea and also by the oxidation of 2-imino-l,2-dihydro-3,l,4-benzothiazine (p. 
278) with barium permanganate. 4 -Phenyl-2(1)-quinazolone, rn.p. 251°, from 
o-aminobenzophtmone and urea (Gabriel, Stclzncr, Her. 29, 1310). 

3(N)-Aminoquinazolones have been obtained from o-aminobenzohydrazides 
(Heller, J.pr. Ill, 36). 

TETRAHYDROQUINAZOLINES have been prepared by reduc¬ 
tion of quinazoliiKxs, dihydroqninazolines, and thiotetrahydro- 
quinazolines (see below); they are also formed by condensation of 
o-aminobenzylamines with aldehydes {BVjSch, J.pr. 53 , 414; 55 , 
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356). They can be decomposed without difficulty to o-derivatives 
of benzene. 

yCHx-NH 

1,2,3,4-Tetrahydroquinazoline, CfiHZ I , m.p. 79°, from o-amirio- 

^NH — CHs 

benzylamine and formaldc^hyde or from dihydroquinazoline by reduction with 
sodium amaljijam (Gabriel, Her. 36, 811). 3-Phenyltetrahydroquinazolme, 
C«H4(C2H6N*06H6), m.p. 119°, is obtained from o-aminobenzylaniline and form¬ 
aldehyde as well as from phenyldihydro- and pheuylthiotetrahydro(iuinazoline 
(Busch, Her. 25, 2858) and 3-phenyl-4(3)-quinazolone by reduction. 2-Phenyl- 
tetrahydroquinazoline, m.p. 100° (Wolff, Ber. 25, 3033). 4 -Phenyltetrahydro- 

quinazoline, see Gabriel, Stelzner, Ber. 29, 1308. 1,3 -Dibenzoyl -2,4 -dimethyl- 

tetrahydroquinazoline, C 8 He(Cn 3 ) 2 N 2 (C()C 6 n 6 ) 2 , m.p. 155° (Bischler, Howell, 
Ber. 26, 1385). 


2-0X0- and 2-THIOTETRAHYDROQUINAZOLINES corre¬ 
spond to the cyclic i)henylen(qirea.s and thioureas (oxo- and thio- 
benziniidazolines, p. 135) and, like these, are obtained from e-amino- 
benzylamines with COCb or C 82 , or from the urea deriviitives of 0 - 
aminobenzylamines by elimination of ammonia or amine (Busch, Ber. 
25, 2856; Paal, J.pr. 48, 537): 

yClh NTICflHi, /Clh~ NColI.^ /(.MI2 —NCgTIs 

CtJ-l/ oiQll/ I -Cdl/ I 

\NTT CO -NHCfilh ^NIT. (• NIICbII.-, ^NH- CO 


/Cir2-N[lCoTb, 

Cell/ + (\S2 


C6lb< 


XOTo-NCcTTb 

I 

Nil- c\s 


2,4(1,3)-QUINAZOLINEDIONES, dioxotetrahydroquinazolines, 

arc similarly prepared from o~aminobenzamides with COC 42 , CICOOR, 
and the like, or from urea derivatives of o-aminobenzarnide, or from 
anthranilic acids: 


/C4)NTT2 

Cell/ + COCh 

\NII 2 


/CO- NIT 
ColT< I 
^NII-CO 

2,4(l,ri)-QuiiiaKolinedione 


Another synthesis of a different ty])e consists in the reaction between phenyl 
isothiocyanate and isntiiiic acid (Reis^ert, SchaaJ, Ber, 59, 249-1): 


/CO coon 

NCJb 

+ lU 

NHj 


no coon 




""NCbHb 


Oxo- and thioletrahydrociuimizolines are rnmiral substances. Their forma¬ 
tion from imino and thio d(!rivativ(*s of 3,1,4-b('nzoxazin(‘ by heating with aro¬ 
matic amines was mentioned on p. 273. Wluai oxidized, they yield quinazoline- 
diones, which are also produced by the oxidation of iminodihydro-3,l,4-benzoxa- 
zines (Paal, Vanvolxem, Ber. 27, 2420). The quinazolinediones have acidic 
properties; they dissolve only in alkalis, and with PCk they give dichloroquin- 
azotines. 

3-Phenyl-3,4-dihydro-2(l)-quinazolone, CsIT?•ON 2 ('6Hfi, m.p. 189° (Laden- 
burg, Ber. 27, 75). 4-Phenyl-3,4-dihydro-2(l)-quinazolone, m.p. 193°, is 
prepared from o-aminobenzohydrol with urea, and also from the corresponding 
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phenylthiotetrahydroquinazoline (Gohriel, SteluieTf Bor. 29, 1307; Hanschke, 
Ber. 32, 2026). ‘ 

3,4-Dihydro-2(l)-quinazoUnethione, C 8 H 8 SN 2 , m.p. 211°. 3-Phenyl>3,4- 

dihy(iro-2(l)-quinazoIinethione, C 8 H 7 SN 2 -Cells, m.p. 260° (Pa/ii, Cotnmerellf 
Ber. 2*7f 2432). 4-Phenyl-3,4-dihydro-2(l)-quinazolinethione, m.p. 230°, from 
o-aminobonzohydrol and thiocyanic acid {G(il)riel, Stelzner^ Bor. 29, 1305). 

2,4(l,3)-Quinazolinedione, henzoylcnvurea (see above), m.p. over 360°, sub¬ 
limable, is obtaiiK^d from anthranilic acid with potassium cyanate, and from 
psoudoisatoxime (p. 76) by a Bv.ckmmut rcarrarijromeiit {Diels, Wagner, Ber. 
45, 882; Heller, Bor. 49, 2774). N-Phenyl-2,4(l,3)-quinazoIinedione, m.p. 272° 
{Kunckell, Bor. 43, 1237). 2-Thio-l,2-dihydro-4(3)-quinazolone, m.p. 284°, 
from anthranilic acid (sster and thiocyanic acid {Rape, Bor. 30, 1098). 

5,6,7,8-Tetrahydroquinazolines have boon prepared from 2-acotylcyclohexanone 
and 2-oxocyclohexan(',carboxylic acid ester and amidines, according to m(‘thod 1 
(p. 2SS) [Mitter, Bhatiacharya, Quart. J. Indian Chem. Soc. 4 (1927), 149]. 

PERIMIDINES, \-benz(t\de.\quvnazolities, contain a pyrimidine ring joining 
the p(‘ri positions of a naplithaloru^ ring. They correspond to the benzimidazoles 
(p. 131) aTid ar(^ forint'd in an analogous way by condensation of 1,8-iiaphthalene- 
diamino with carboxvlic acids {Sachs, Ann. 365, 53; Sachs, Forster, Bor. 44, 
1738; Gor. Pat. 252772, 1911, Frdl. XI, 315; Gor. Pat. 255823, 1911, Frdl. XI, 
493; Gor. Pat. 253239, 1912, Frdl. XI, 495, and others): 



Porimidine 


Perimidine forms grc'on crystals, m.p. about 220°. Analogous compounds 
in the anthracene seri(\s have becai oblainod from 1-aminoanthraquinone by re¬ 
action with urethan, formainide and the like. 

A large number of dibenzoquinazolinediones (anthracpiinonepyrimidines) are 
known (Ger. Pats. 185548, 1906, Frdl. IX, 730; 220314, 1908, Frdl. IX, 742). 
Some of the corres[)onding P?/-oxo derivalives (anthraqiiinonepyrimidoncs) 
(Ger. Pat. 205035, Frdl. IX, 740) are used as dyes, c.g., alizarin geranol B (see 
Fierz-Dcnnd, Kiuistlicho organisc^n; Farbstoff(‘, p. 626). 

Pyrimidoquinazolines, henzodipyrimidirLes, have also been prepared; they are 
sometimes called naphthotetrazines. 

(c) 1,4-Diazines 

6l7l HC~~N-=CH l^l-'^ 

6151 III;—N--CH 1«12 

1 

(1) PYRAZINES are 1,4-diazines; their ring is like that .of pyri¬ 
dine, but with the methine group in the 4-position replaced by N. 

Pyrazines are formed: (1) F’rom a-aminoaldehydes and a-amino- 
ketones. Two molecules condense with elimination of water to give 
dihydropyrazines, which are oxidized even by the air to pyrazines 
(c/. Gabriel, Ber. 41, 1128): 

C,l\, CO _ 2 u,o C,R, • C=-N—CHa O 

2 I . -> 1 1 -► 

CH, - Nib CIb—N--C• Celb -2 H 

CelbC-N=-CH 

|:h—N==C-CJI, 

Because of their relation to the a-aminoaldehydes and «-arainoketones, the 
pyrazinoa have also been called aldines and ketines. 



PYRAZINE 


29r 


Solutions in which ariiinokctories have been produced by reduction of iso- 
nitroso-ketones can be us(;d directly for th(‘ preparation of pyraziiKis by distilla¬ 
tion with HgCb {Wolff, Ber. 26, 1832; Gahriel, Pinkus, Ber. 26, 2207). 

Amino-ketones are formed as intermediat(is in the synthesis of pyrazines 
from a-chloro- and a-bromo-keto derivatives with ammonia. /3-Bromolevulinic 
acid and ammonia, on elimination of wat<^r and CO-^, yield tetraraethylpyrazine: 


2 


CIIjCX) 


HOaCCIIzCHBr 


+ 2 Nils 
-2C()2-2H20 


CIIrCX~N-=CCn, 

II I 


(3) 2,3-Pyrazinedicarboxylic acid derivatives have been obtained by the 

oxidative decomposition of quinoxaline (p. 301) and its homologues with KMn ()4 
{Gabriel, Sorm, Ber. 40, 4850): 


CeH 


< 


N--CH 

I 

N--CH 


H02CC~N=-CII 

HOjC-i'—N=in 


Pyrazinc^s occur among the fermentation products of beet sugar juice. 2,5- 
Dimethyl- and trimetliylpyrazine have been isolated from fustd oil. Pyrazines 
(pyrazine, methyl- and dimiilhylpyrazine) arc also obtained by the acjtion of am¬ 
monia on grape sugar {Bamberger, Kinhorn, Ber. 30, 224; Branded, Sloehr, J.pr. 
54, 481). 

The pyrazines give a neutral reaction with litmus, lliey are usu¬ 
ally weak, monoacid bases, forming easily dissociated salts with acids. 
Like pyridine (p. 201), they give characteristic, sparingly soluble com¬ 
pounds with metal salts, such as HgCL and AuCIs. With methyl 
iodide they give addition products. 

The pyrazines are reduced by sodium to piperazines, hexahydro- 
pyrazines, which are analogous to the piperidines. Alkylpyrazines 
are oxidized by potassium permanganate to pyj'azinecarboxylic acids, 
which are readily decarboxylated. 

Cn-=N—CH 

PYRAZINE (piazine), I J| , m.p. 57^ b.p. 115” {Tschitschihabin, 

Ch=:N—CH 

Schtschikina, Ber. 62, 1075), aublimes even at room tcunperature, and has an odor 
lik (5 heliotrope. It is prepared from aminoacetaldehyd(* or aminoac(4,al by distilla¬ 
tion with mercuric chloride solution, from pyrazinecarboxylic acids by decarboxyl¬ 
ation, and from piperazine (p. 299) by flistillation with zinc dust {Wolff, Mar¬ 
burg, Ann. 363, 216). Gold salt, m.p. 245”; picrate, m.p. 156”. 

Methylpyrazine, b.p. 135°, from its carboxylic acid {Stoehr, J.pr. 51, 449), 
is th(j principal constituent of the bases obtained from grape sugar with ammonia 
(see above). 2,3 -Dimethyljpyrazine, from diacetyl and ethylenediamine and also 

from its dicarboxjdic acid (see below) {Gabriel, Sonn, Ber. 40, 4855). 2,5-Di- 
methylpyrazine, ketine, b.p. 153”, is prepared by n^duction of isonitrosoacetone; 
it is formed when glycerol is heated with ammonia salts, together with pyridine 
bases (p. 198) and other alkylated pyrazines, such as 2-methyl-5,6-diethylpyra- 
zine, b.p. 179” {Stoehr, Ber.* 24, 4105; J.pr. 47, 439). 2,6-Dimethylpyrazine, 
m.p. 48”, b.p. 155” {Brandes, Stoehr, J.pr. 54, 492). Trimethylpyrazine , b.p. 
172°, is produced by heating the methyl bromide addition product of 2,5-di- 
methyipyrazino {Brandes, Stoehr, J.pr. 53, 501). Tetramethylpyrazine, m.p. 
86” (-I- 3 H 2 O, 75”), b.p. 190°, picrate m.p. 192°, from jS-bromolevulinic acid 
with NIL (see above), from isonitrosolevulinic acid {Thai, Ber. 25, 1723), or 
from the monoxime of biacetyl by reduction in alkaline solution {Wallach, Nachr. 
Ges. Wiss. Gottingen 1927, 238). 

Like picoline, quinaldino, and similar compounds, the methyl pyrazines con¬ 
dense with benzaldehyde or chloral with elimination of water, forming products 
such as (C 4 H 2 Na) [2,5] (CH:CHC.H6)a {Franks, Ber. 38, 3724). 

2,5-Diplienylp3rrazine, m.p. 196°, is prepared from a-aminoacetophenone with 
intermediate formation of its dihydro derivative and, together with the isomeric 
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2,6-diphenylpyrazine, m.p. 90°, from ^-chloro- or o'-bromoacetophonono by 
Irotilmoiii with ammonia ( Tutin^ J. 97, 2495). 2,5-l)iph(myl- and 2,6-diphenyl- 
pyrazino have al^o boon obtained from N-dibenzyldihydro-2,5- and 2,6-diphenyl- 
pyrazine (see below) by elimination of toluene {Mamn, Winder^ J. 63, 1355). 
2,5“Diphenyl-3,()-dimethylpyrazine, m.p. 120°, from «-i 8 onitro 8 o-a-phen 3 dae.e- 
tone (Kolh^ Ann. 291, 253) and from its dihydro derivative (sec below) (Gabriel, 
Ber. 41, 1150). Tetraphenylpyrazine, letraphcnylaldinc, m.p. 246is obtained 
from the monooxime or dioxime of benzil (\V>1. Ill, p. 566) (Feist, Ber. 27, 213). 

The PYRAZINECARBOXYLIC ACIDS are i:>;(aierally obtained by oxidation 
of alkylpyrazines with KMn 04 , They give yellow, red, or red-violet colorations 
with ferrous sulfate. 

Pyrazinecarboxylic acid, m.p. 230° (dec.). 2,5-Pyrazinedicarboxylic acid 
(+2 H 2 O), m.p. 256° (doc.), and pyrazinetetracarboxylic acid, m.p. 205° (dec.), 
are prepared from the methylated pyrazines with KMn 04 . 2,3-Pyrazine dicar- 
boxylic acid, m.p. 193° (dec.), and 5,6-dimethylpyrazine-2,3-dicarboxylic acid, 
m.p. 200° (dec.), arc formed by oxidation of quinoxaline (p. 301) and dimethyl- 
quinoxaline (Gabriel, Sonn, Ber. 40, 4850). Pyrazinetricarboxylic acid, m.p. 
190° (dec.), anhydrous. 

1.4- DIHYDROPYRAZINES are obtained from «-alkylamino-ketones RHN- 
CHa-CO'R, or from a--brorno-ketones with primary amines. When aniline is 
used in the latter synthesis, the isomeric indoles (p. 61) are also formed. 

yOH=CHv 

1.4- Dibenzenesulfonyldihydropyrazine, CJ r.,S02N< >NS02C«H5, 

\ch-=cit/ 


m.p. 163°, from bcaizcmesulfonamidoacetal (Marckwahl, FAlinger, Ber. 26, 98). 
Several dihydropyrazines, such as 1,4-dibenzyl-2,5-diphenyldihydropyrazine, 
rn.p. 163°, and I-benzyl-2,6-diphenyldihydropyrazine, have been obtaitied by 
condensation of benzvhimine with rt-bronioacetophenone. 

2,5-DIHYDROPYRAZINES are the primary condensation products of a- 
aminoaldehydes and a-amino-ketonos (p. 296). When heated with mineral acids 
they decompose to the o:-aminoaldehydes or ketones. Oxidizing ageiits, even the 
oxygen of the air, convert them to the corresponding pyrazines (Gabriel, Ber. 41, 
1128). 


2,5 -Diphenyl -3,6 -dihy dropy razine, Cell £ 


/I 

•c/ 


.N-CH:. 

j/ • CcHyellow flakes, 

m.p. 116°, from a-arninoacetophenone. 2,5-Diphenyl-3,6-dimethyl-3,6-di- 
hydropyrazine (II below), m.p. 100°, from a-aminopropiophenone ( 1 ), is de¬ 
composed by hydrolysis with h.ydrochloric acid principally to the hydrochloride of 
a-amino-a-phenylacetone (TIT), which, precipitated from its salt by alkalis, con¬ 
denses to 2,5-diphenyl-3,0-dimethyl-2,5-dihydropyrazine (IV): 


( 1 ) 

C6H5(X) 


CII 3 CHNH 2 


(II) 

CelU-OrN—GII-CITs 

I I -> 

CHjCHNrCCeHa 


(III) 

Coils-OH •NII 2 


(IV) 

CsHrCHN;CCH, 
Cn,-C:N—^11-0.11, 


These isomeric dihydropyrazinc derivatives give the same diphenyldimethyl- 
pyrazino when oxidized (see above). 

2,3-DIHYDROPYRAZINES are formed from 1,2-dikotones with ethylenedi- 
amine (Bischoff, Ber. 22, 346; Mason, J, 63, 1284): 


CH2~-NH2 COCoHo 

ins—Nils ^ ioCsH, 


CH,—N=CC4l6 


<!:h2—n=(!)-c,h, 

5,6-Diphenyl-2,3- 

dibydropyrasina 
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CH 2 —NCCeHs)—CH 

l,2,4-Triphenyltetrahydropyrazine,| il , m.p. 131°, from 

CH2~N(CeH5)~-C-C6H5 . 

NjN'-diphenylethylencdiamine with a-bromoacetophenone [Garzino, Atti accad. 
sci. Torino, 27 (1892)]. 1,2,3-Triphenyltetrahydropyrazine, from N>phenyl- 
ethyloiiediamine and benzoin (Gabriclf Eftchenhachy Her. 31, 1582). 

3,6-Diphenyl-2(l)-pyrazinone (I), m.p. 197is produced by the action of 
gaseous hydrogen chloride on an ethereal solution of benzaldt'hyde cyanohydrin. 
When distilled with zinc dust, it is reduced to 2,5-diphonylpyrazine, but with HI 
and phosphorus it gives 2,5-diphenyl-3,4-dihydropyrazine (II), m.p. 164° (Japp, 
KnoXf J. 87, 701; McComhie, Parry^ J. 95, 584). 

/NH—C(X .Nil 

(I) C6H5*c< cjh-cc (U) 

XT!- 


For 2,5-dimethyldihydropyrazine-3,6-dicarboxylic acid dianilide, jn.p. 218°, 
from azo dyes {Ilaiisa, y<4l()iv), see FUrz-Daoid^ ZUgU r, Ih'lv. 11,77(). 

PIPERAZINES, hexahydropyrazines, hav(‘ betui discussed jis (cyclic flifdkylene- 
imines (Vol. I, }>. 387). Besides th(‘ synthes(‘R de.seribed tht‘re, piperaziiu'S may 
also be prepared b}^ reduction of pyrazin<‘s with Na and alcu)lu)] {Wolff, Ber. 26, 
724). 2-Methylpiperazine, C- 4 Ho(rH 3 )N 2 , b.p. 155°; 2,5-dimethyipiperazine 
which is also obtained from lactimidti, '^,6-dim(ihyl-2ff)-p'ip(razi7ixdio}io, by re¬ 
duction with Na and alcohol {Hoyvr, Z.pljysiol.Chern. 34, 347). J3i- and poly- 
alkylpiperazines exist in two stereoisomeric forms; for di-, tri-, and telramethyl- 
piperazine, see Siochr, J.pr. 55, 49. 1,4-Dinitropiperazine, N02'N(CH2C^H2)2- 

N •NO 2 , m.p. 215°, is formed by the aidion of fuming nitric acid on 1,4-dibenzene- 
sulfonylpiperazine (Sohn, Rec. 28, 68). 1,4-Diiiiethylpiperazine, b.p. 132° {v. 
Braun, Kirsclibaum, Ber, 52, 2265). 

1.4- Diphenylpiperazine, m.p. 163°, is synthesized from 1,2-dibromoethane and 
aniline (Bischoff, Ber. 22, 1777). 1,4-Dibenzylpiperazme, m.p. 92°, is obtained 
from N-/3-bromoetbv]benzylamine with KOH (uahrui, Stclzner, Ber. 29, 2384). 

2.5- PIPERAZINEDIONES are cyclic double arnid(‘R, which were treated in 

connection with the or-aminocarbox 3 dic acids (Vol. I, pp. 387, 447). 1,4-Di- 

phenyl-2,5-piperazinedione: 

OH.,—N(Cjr5)-CO 
(X)—NCOeTIs)—(^3112 

from N-phenylglj^cino. For stereoisomeric pipc'razinediones, sec^ Tigeratedi, Ber. 
25, 2919; Trapesonzjanz, Ber, 25,3275; Fisoher, Raske, Bor. 39,3981, and othi^rs. 

2,3-Piperazinediones are prepared by condensation of oxalic acid with et.hylemv 
diamine derivatives {Bischoff, Nastvogcl, Ber. 23, 2028): 


CHr-NIICeHfc 00(311 
J + I 

CIH 2 —NHCJR C^OOH 


On2-N(CGlT6) -00 

I I 

OH 2 —N(C6Hg)~00 
1 ,4-DiphcnyJ-2,3- 
piperazinedione 


This diphenylpiperazinedione is oxidized by chromic acid to a pipi'razinetetrone. 

NHCOCO 

The simplest piperazinetetrone, I I , was obtained by the action of 

COCONH 

sodium alcoholate on oxamic acid ester {de Mouilpied, Rule, J. 95, 549). 


(2) QUINOXALINES, 1,4-Benzodiazines: 


6 N 4 


6 

7 


m i«i 3 

1 

OH f^l 2 
K N 1 
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Like the benzimidazoles, the quinoxalines are condensation products 
of o-diamines. The formula of quinoxaline may be derived from that 
of quinoline by replacement of the 4-methine group by nitrogen. 
This relation together with its synthesis from glyoxal and o-phenylene- 
diamine was responsible for the name (luinoxalinc {Hinsherg) given 
to tJiis bicyclic ring system. The quinoxalines are prepared: 

L From o-phenylenediamines with glyoxal and other 1,2-dioxo 
compounds or their oximes {Hinsherg, Ann. 237, 327): 


OCIl _o„,o 

C6Tl4\ -h I-J 

OCII 


Cellv 


/N--CTI 

( I 
^N--CIT 


Benzil gives 2,3-diph(iii.yI(}uinoxalim‘, dihydroxytartarie acid gives 2,3-quin- 
oxalinedicarbox>dic acid, etc. The reactioii is completed rapidly and at low 
tem|K‘ratures. 

a-Oxo carboxylic acids, such as pyruvic acid and mesoxalic acid, yield quin- 
oxalinols, while oxalic acid gives quinoxalinediols {rf. Meyer^ Ber. 30, 768): 


/NH 2 OCCH 3 


ii 

Cell/ + 1 - 

(Jell/ i or 

Cell/ 1 

^NITs OC'OIT 

:()h 

\\1I—(X) 

/NIT 2 (XX)II 

/X=-c:()ir 

/NH - (K) 

CAl/ -f 1 — 

- > 1 or 

(\1U< 1 

ocoir 

\N-- 0 ()H 

/ 

T 


o-Naphthalenediamin(\s react like o-j)henyl(‘n('diamin(‘, forming henzoqiiinoxaliKes. 
s -Tetraaminobenzeruvs give pyro.zino\g]quinoxalvncs , 1 x^nzo -hu -p-diazin(?s. 

Quinoxalines an^ prepar(‘d without difficulty from th(‘ ri^adily obtainable o- 
amino-azo compounds ny treatment with aliphatic-aromatic ketones (such as 
acotophenoncO {Crippa, Gazz. 59, 330): 


N:iN -Colh lyCH 



N:CH 



a-Chloroketones, a-formyl-alcohols and a-oxo alcohols, such as besnzoin, 
furoin, arjibinosi‘, and glucose, condiuisi^ with o-phenylenediamimvs, with elimina¬ 
tion of H 2 O and II 2 , to form quinoxalines: 


/NIL CIGIL /N=(qi 

CJlZ + I ■ -> C,IU< I + H2O + IIGI -f II2 

^NH2 OCCAh ^N--CGH3 


Monoalkylatod o-phenylenediaminc's, howeviu’, give? dihydroquinoxalinos, which 
are converted by oxidation with to azinium salts of the quinoxalines, some¬ 

times called the stilbazonium salts {Fificher, Ber. 24, 719; Kehrinann, Mcssinger^ 
Ber. 24, 1875; 25, 1627): 

CeILCO CH(OH)CeIL CAh C -CIl (^6115 o 


+ NH2C6H4NnC6H6 
Benzoin + o-Amino- 
dipbenylaniine 


II II 

NC6H4-NC1(C.H6) 

Tripheni’lqiiinoxaliniuui 

chloride 


NCeILN-06115 

Triphenyldihydro- 

quinoxaline 

n TT n 


HCl 


TT 
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The reaction of monoalkylated or pheriylated o-diamines on 1,2-diketones pro¬ 
duces azinium salts din'ctly. The bases corresponding to these salts are very 
unstable; they rearrange to pseudo-bases, such as: 




.N=- 


=CC.Ut 


N(CeH5)('(t’«HB)(OII) 


from which the azinium salts are r(ig(‘nerat(‘d wuth acids {Jaco}>son, Fincher^ Ber. 
25, 1010; Wittj Helmolt, Ber. 27, 2355; Kehrmann, NatchejJ, Ber. 31, 2425; 
Kehrmatin, WoulfsoHy Ber. 32, 1042); see also the analogous behavior of the 
aikylquinoliniurn hydroxides, p. 230. 

3. N-o-Nitrophenyl-«-amino-fatty acids reduce to 2-}iydroxy-H,4~dihydrO"- 
qidnoxalijtes, which are also formed from o-phenylenediamine and a-halogen-fatty 
acids (cf. Hinnberg^ Ann. 292, 250): 


/NH—CTI2 

'.n< I 

c;ooii 

o-Nitropheriylglycine 




NH—CII2 


N= 


:0H 


1 ,2-Dihydro(iuiiioxulinol-3 


0 -Phenylenediamines condense with dicyanogen to dia7ni7ioguinoxalines, 
which are converted to quinoxalinediols by dilute hydrochloric acid (Hmnhtrg, 
Schwajils, Ber. 36, 4040): 



n=-c:nii2 

CfM/ 1 

\N--CNII2 


N-----COII 


< i\ 

nJ: 




S. Condensation of o-nitrosophenols with acetaldehyde and ammonia or pri¬ 
mary amiru^s giv<^s dikydroquinoxaliuolSy or dihydroquinoxaloiies {Lange^ Ber. 42, 
574; Ger, PaCs. 190563, 1900; 229127,1909): 


.NO CH3 

- 4“ 4“ I 

\01I NJI.li Clio 


(^o1T6< 


/Nil- CH 2 


6. Tetrahydroqumoxalinen are obtained by condensation of dihydroxybenzenes 
with alkylenediamines: 


.OH 

^OH 


4- 


H2N--CH2 

H 2 N— 


.Nil—CH 2 
Cell/ J 
\Nn-CH 2 


BeJiamor .—The quinoxalines are weak nionoacid bases witli an odor 
like quinoline or piperidine, soluble in alcohol and ether, less soluble 
in hot water than in cold. With KMn 04 they are broken down to 
pyrazine-e-carboxylic acids (p. 298); when reduced they are usually 
converted to hydroquinoxalines (Ifinsbergy Konig^ Ber. 27, 2181). 

QUINOXALINE, m.p. 27", b.p. 229° (Chaitaway, Humphrey, J. 1929, 645), 
is prepared from o-phenyhuiediamine with glyoxal bisulfite in aqueous solution at 
60°; it is soluble in water, alcohol, and ether. Methyl iodide addition product, 
m.p. 175° (dec.). 6-MethylquinoxaUne, toluquinoxaline, CH3C6H8(N2C2H2), 
b.p. 245°, similarly from n-toluenediamine. 2,3-Dimethylquinoxaline, m.p. 106°, 
and 2,3,6-trimethylquinoxaline, m.p. 54°, b.p. 270°, from phenyleno- or toluene- 
diamine with biacetyl. 2-Isopropylquinoxaline, b.p. 270°, by condensation of o- 
phenylencxiiamine with 7 -bromo-a,a-dimethylacetoacetic ester and subsf?quent 
heating with hydrochloric acid {Conrad, Hock, Ber. 32, 1209). 2-Phenyl- 
quinoxaline, m.p. 78°, is formed by condensation of o-phenylenediamine with 
isoTiitrosoacetophenone and also by decomposition of benzo(a]phenazine (p. 
305) {Fischer, Schindler, Ber. 39, 2238). 2-Phenyl- and 3-phenylbenzo(/]- 
quinoxaline, m.p. 153° and 163°, are similarly obtained from isonitrosoaceto- 
phenone and 1,2-naphthalenediamine, and also by decomposition of dibenzo- 
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fajlphenazine aiu] (iibenzof«,/^]phonaziiip {Fischer^ Romer, Bor. 41, 2350). 

2,3-Diphenylquinoxaline, rn.p. J 2 'J" (Hinsherg, Konig, Bor. 27, 2J81). 

2“Quinoxalinol, ?r).p. 2 r> 5 °, from its <*arboxylio acMcl (see below). 2,Bz- 
Dimethyl-3-quinoxalinol, 2-m(;thyl-3-Iiy(lroxytoluquinoxaline, CHsCbHs[N 2 C 2 * 
(OIT 3 ) (OJI) ], m j). 220 and B 2 -methyl- 2 -phenyl- 3 -quinoxalinol, CIBCeHa- 
1 N 2 CJ 2 (C 6 Hr,) (OH) I, rn.p. 190are prepare^l from toluenediainiiie with pyruvic 
acid and pluMiyl^lyoxylic acid; they are soluble in both acids and alkalis, colorless 
in the fornuu’, yellow in (b(‘ ]att(U‘. 

2,3-Quinoxalinediol, pheiiylcneoxamtdey m.]). 410°, from o>{)honylenediamine 
and oxalic acid or from 2,3-diaminoquinoxaline with hydrocdiloric acid, is con- 
vert(‘d by PC1& to 2,3-dichloroquinoxaline, rn.p. 150°. Wlum warmed with o- 
phenykaiediamine, the latt(T yields a condensation product which gives yellow 
solutions with a strong yellow-green fluorescence, and which is therefore called 
fluofiavin; this 5,11 -dihydroquinoxah)| 2,3-/dquinoxalino, CeH-i: (N 4 C 2 H 2 ): C 6 H 4 
(I), rn.p. 36t)°, oxidizes to quinoxalol2,3-/dquinoxaline (II) {llivsherg, Poliak^ 
Ber. 29, 784): 


NIl2\ 

(VI< I -f >^6ll4 
^xNr-=-CX.i NH/ 



(I) 



( 11 ) 


2 , 3 -Diaminoquinoxaline, in.p. over 280°, from o-phenylenediamine and di¬ 
cyanogen gas in methanol solution (p. 301), itself condenses with o-diketones, 
such as benzil and phenanthrenequinone, with pyruvic acid, and with oxalic acid, 
forming polycyclic muilei; with 2,3-di(4doroquinoxaline it yields 6,13-dihydro- 
pyrazinoI2,3-6, 5,6-6'Jdiquinoxaline, fluorubine (Hmsberg^ Schwants, Ber. 36, 
4039): 

C'ellZ I I CJT/ 1 I 

\N - N- ( X N--COIT 


N==.C-NII--C-=Nv 

Cell/ I 1 >C6H* 

\N JMII-- 


2 . 3 - Benzoquinoxalinediol, riaphthalencoxamule, C)oH 6 (N 2 C 202 H 2 ) {Meyer, 
Muller, Ber. 30, 772; Hinsberg, Schwants, Ber. 36, 4044). 

2.3- Quinoxalinedicarboxylic acid (-f 2 H 20 ), rn.p. 190° (dec.) (anhydrous), 
from dinvdroxytartaric a(;id with o-phenylentxiiamiiKi {Chnttaway, Humphrey, J. 

CO. 

1929, 645), diethyl ester rn.p. 83°, forms an anhydride, I >0, 

CO/ 

rn.p. 251 °. The quinoxalinedicarhoxarnic acid obtained from the latter with NH 3 
can be converted into 2 -aminoquinoxaline-,3-carboxylic acid with bromine and 
aqueous sodium liydroxide {Philips, Ber. 28, 1657). 2-Hydroxyqumoxaline-8- 
carboxylic acid, m.p. 205° (dec.), from alloxan and o-phenylenediamine, by 
condensation and subsequent oxidation of the ureide first formed {Hinsberg, Ann. 
292,248). 

2.3- Quinoxalinediacetic ester, C 8 H 4 N 2 (CH 2 C 02 C 2 fT 6 ), m.p. 58°, from o- 
phenylenediamine and ketipic acid ester, is condenscid by sodium ethylate to 2 - 
oxo-2,S-dihydroA-cyclopenta[h]qwinoxaline-\-carboxylic acid ester {Thomas-Ma- 
mert, Striebd, Bull. [3] 25, 712). 


/N-^CdB-CXhU 

\ I 

^N--C.(’H2C02H 



C^OaR 


HYDROQUINOXALINES. 1,2-Dihydroquinoxalines are characterized by 
intensive yellow-gretm fluorescence. 1,2-Dihydro-2,3-diphenylqtiinoxaline (I), 
m.p. 146°, is formed by reduction of diphenylquinoxaline with stannous chloride, 
or irom benzoin with o-phenylenediamine {Fischer, Busch, Ber. 24, 1870; Hins- 
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herg» Konig, Ber. 27, 2182). 1-Methyl*2,3-diphenyl-1,2-dihydroquinoxalixie 

{Kehrmann, Messinger, Ber. 25, 1632) can be oxidized to 1-methyl-2,3-diphenyl- 
quinoxalinium hydroxide (II) (c/. p. 300). 


( 1 ) 


,N=-CC6H5 

< I 


N===---:C • CeHfi 
Cell/ I (II) 

\N(()H)((JH3):CC6H5 


l,4-Dihydro-2-methyl-3-isopropylquinoxaline (III), colorless flakes, m.p. 
124°, by condensation of o-phenylenediamirui with mesityl oxide; dinitroso com¬ 
pound, m.p. 177° {Ekeicy, Ber. 39, 1646). 


(Ill) C6H4<^ 


NH— 

II 

nh--(;(.;h3 


- - ('cris /NH • CHj 

(IV) (^Jl4< I (V) CaH,< I 

^NlCIilj)—tK) \X==0(OH) 


1.3- Dimethyl-2(l)-quinoxalone (IV), m.p. 78°, b.p. 308°, is obtained by 
condensation of methyl-o-phenylenediamine with pyruvic acid {Kehrmann, 
Mesningcr, Ber. 25, 1630). 

2-Hydroxy-3,4-dihydroquinoxaline (V), m.p. 132°, from o-phenylenediamine 
with monochloroacetic acid, is oxidized by chromic acid to quinoxalinediol (p. 
302) (Motylewski, Ber. 41, 800). Dihydrobenzo[/|quinoxalinol, m.p. 246°, 
from l-nitroso-2-naphthol, acetaldehyde and ammonia (c/. p. 301). 

1,2,3,4-Tetrahydroquinoxaline, m.p. 97°, b.p. 289°, is pn'pared from pyro- 
catechol with ethylenediamine (Hu, Ber. 21, 378) or by saponification of its 1,4- 
dibenzenesulfonyl derivative, CeH 4 (NS 02 C 6 H 5 ) 2 (CH 2 ) 2 , the product of the re¬ 
action of 1,2-dibromoetharie with dibenzenesulfonyl-o-plienylenediaraine (Hins- 
berg, Simpler, Ann. 287, 220). 

2.3- Diphenyltetrahydroquinoxaline is obtained in two isomeric modifications, 
m.p. 105° and 142°, by reduction of diphenylquinoxaline with Na and alcohol 
{Hinshcrg, Kordg, Ber. 27, 2184). The compound melting at 105° is the racemic 
form; it can be resolved into optically active antipodes with camphorsulfonic acid 
{Bennett, Gibson, J. 123, 1570). The dimethyl compound has analogous stereo¬ 
chemical properties {Gibson, ,1. 1927, 342). 

(3) PHENAZINES, dihenzopyrazines. The constitution of 
phenazine is similar to that of anthracene and of acridine: 


CC' 


It 


Anthracene 




Acridine 


Phenazine 


In preparation and properties it is more closely related to the 
dibenzo derivatives of 1,4-oxazine and 1,4-thiazine (pp. 275, 278): 



Dibenzo-l,4-oxazinc, 

Phenoxazine 



Dibenzo-1,4-thiazine, 
Phenothiazine 



Dibei \ zo-1,4-diazine, 
Phenazine 


Like phenoxazine and phenothiazine, phenazine is the parent sub¬ 
stance of a large number of dyes, some of which are technically im¬ 
portant. Among these are the eurhodines, toluylene red, the indu- 
lines and safranine; some are derived from phenazine itself, some 
from benzophenazines, and some from dibenzophenazines. Several 
dyes occurring in nature (especially the products of the metabolism 
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of fungi) have been found to be derivatives of phenazine (see pyo- 
cyanine, p. 313; chlororaphine, p. 309). 

Methods of Preparation. — (1) By condensation of o-diamines 
with o-dihydroxybenzcncs with elimination of water and hydrogen: 


/NH 2 nOv 

C«H< + >C6H4 

HO/ 


- 2 H 2 O 

- ) 

-Ha 



(^) P'rom o-diamines with o-quinoiies, such as o-(iuinone, 1,2-naphthoquinone, 
phenanthrenequinone, croconic acid: 


/NH2 OC—Cir-=CTT 

CeHaC^ _ -f 1 1 


\NH2 00- 


CcHa 




N==(."—CH=-CH 


N=C- 


I 

-Cell, 


l,2-Naphtho(|uinone 


Benzo [ajphenazino 


Isatin and o-))honylcnedianiine give ()-irHlolo[2,S-J)]quinoxali7tef indovheyiazme 

0«H4~~C=-N. 

(Schtmek, Marchlewskiy Ber. 29, 200): i I >C 6 H 4 . 

NH—C-=N/ 


However, azinium-bases result from the condensation of monosubstiluted o- 
diamines with o-cpiinones (cj. quinoxalines, p. 300): 


/NH 2 CO-CJU 
CioH/ + I I 

^NHCcHt CO—C\Jh 


/N-C- CVH 4 

-> \ I 

\n=-C--CVH4 

Phenyltribpnzofa,c,^lphenazinium 

hydroxide 


The same type of azinium coin})o\inds are formed from the azines with alkyl 
iodides and by deamination of induline and safranine bases (p. 310). 

(S) B(uizophenazines are obtained by oxidation of a mixture of an o-diamine 
with 1-naphthol: 


/NIH 

C6H4 <: + CjoHtOH 

^NHa 



6 


(4) Benzophenazines and dib(mzoi)henazincs are formed by fusion of o 
aminoazo compounds with 2-naphthol {Ullmann, Ankertsmit, Ber. 38, 1811): 


/NiNCyHy 
CVH< + 

\NH2 



e 


-mo 

-C 7 H 7 NH 2 



(5) When heated with dry KOH, aromatic nitro derivatives and aromatic 
primary aminos yield either phenazine oxides or phenazines, according to the 
temixjraturo. This synthesis deptjnds on the rearrangement of the nitro compound 
to a nitrosophonol under the influence of the alkali; the nitrosophenol then reacts 
with the amine iWo?U, Aue, Ber. 34, 2442) : 

/NO 2 H. r .N(OH). 1 .N. 

C«H4< -f >C5H4 -> C 6 H 4 C. 3CeH4 -> C5H4< >C6H4 

\H HoN/ L nh-^ J 

(6) Phenazine oxides are produced by the action of concentrated H 2 S 04 
on para-substituted nitrosobenzenes (when the para-position is unsubstituted, 
p-mtrosodiphenylhydroxylamines are formed: Bamberger y Harriy Ann. 382, 82; 
van Duiny Rec. 38, 89): 

r /N(OH)v 1 

2ClCeH4NO-> C1C«H4/ ^CeHsCl -> ClC6H3(N20)CeHaCl 

L ON*-^ J 
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(7) Azines are prepared by fission of o-anilino- (toluido-, etc..) azo compounds. 
o-Anilinonaphthylazobenzenesulfonic acid, obtained by coupling naphthyl- 
phenyfamine with diazobenzenesulfonic acid, decomposes when boiled with dilute 
acids into benzophenazine and sulfanilic acid: 


/N:NC6H4S08H 

CioH/ 

^NHC«H6 


/N 




Behavior, —The phenazincs are yellowish, weakly basic substances, which 
distill undecomposed. They are precipitated from their solutions in conctuitrated 
acids by addition of water. With alkyl iodides they form azinium iodides {cf, 
p. 309). Phenazincs are converted by reduction to colorless, unstable diliydro 

.NH. 

derivatives, such as dihydrophenazine, CeH^ >C 6 ll 4 , which are readily 

\NH/ 

oxidized back to the phenazincs; highly colored compounds of the quinhydrone 
type are formed as intermediate products. 

PHENAZINE, m.p. 171°, bright yellow needles, was first prepared: (f) by 
distillation of calcium azobenzoate, and was mistaken for hvnzo[c]cinuolinc, 
azodiphenylene {cf. p. 287), with which it is isomeric; {2) also from o-i)henylene- 
diamine and pyro 9 atechol or o-quinone (Kehrniannf Mennod, Helv. 10, 02) (see 
above); (3) from aminophenazine (p. 308) by deamination; ( 4 .) from aniline 
vapor by passage through an incandescent tube; (5) from forinazylcarboxylic 
acid ester (I) by digestion with concentrated acids {Bamberger^ Wheelwright^ 
Ber. 25, 3205); {6) from aminodiphenylamine (II) by oxidation, together with 


(I) 


R02C-C<^ 


NNHCeH 

NiNCeHfi 


6 


/NHCeHc 

CoTT4< (II) 

\NH2 


several other products {Fischer^ Ileilert Ber. 26, 383); and (7) from nitrobenzene, 
aniline, and KOH, a reaction which can also produce phenazine oxide, C 6 H 4 - 
(N 20 )C 8 H 4 , m.p. 266°, which is reduced quantitatively to phenazine by stan¬ 
nous chloride {Wohly Aue^ Ber. 34, 2446). In the laboratory it is best prepared 
by distillation of a mixture of 2-aminodiph(;nylamin(‘ with 2-nitrodiplienylamine 
and anhydrous sodium acetate {KeJmnami, Havas, B(5r. 46, 342), or by njduction 
of 2,2'-dinitrodiphenylamiine with stannous chloride and hydrochloric acid in 
glacial acetic acid solution {Eckert, Steiner, Mo. 35, 1153). Picrate, m.p. 181 °. 
Phenazine is reduced by ammonium sulfide to dihydrophenazine, m.p. 212° 
{Kehrmarm, Havas, Ber. 46, 350; Scholl, Mo. 39, 238); for the reduction in acid 
solution, see Hinsberg, Garfunkd, Ann. 292, 260. 

1-Methylphenazine, m.p. 108° {McComhic, Scarborough, Waters, J. 1928, 353). 
2-Me^ylphenazme, m.p. 117° {Kchrmann, Mermod, Helv. 10, 62). 

2,6-Dimethylphenazine, m.p. 162°, is prepared by reduction of the dimethyl- 
phenazinc oxide, m.p. 205°, which is obtained from p-nitrosdtoluene by method 6 
(see above). 

Toluphenazine, m.p. 117°, from o-toluenediamine and pyrocatechol, or from 
o-aminophenyltolylamine with lead oxide {Fischer, Ber. 29, 1873). Benzo[a]- 
phenazine, at^-naphthophenazine, m.p. 142° {Kehrmann, Mermod, Helv. 10, 
62), is formed by the general methods (p. 304) and also from naphthylphenyl- 
nitrosamine: 


NO 

CioHtv I /CJH 

as acridine is obtained from formyldiphenylamine {cf. p. 257). It can be de¬ 
composed by oxidation to phenylquinoxaline (p. 301) {Fischer, Schmdler, Bor. 
39, 2238). Dibenzo[d,y]phenazine, s-a,^-naphthazinc, m.p. 243°, from 2,2'- 
dinaphthylnitrosamine {Fischer, Junk, Ber. 26, 185) or from benzeneazo-2- 
naphthylamine by fusion with 2-naphthol {Ullmann, Ankersmit, Ber. 38, 1816). 
DiDenzo[a,d]phenazine, as-a,^-maphi}mzine, m.p. 283° {loc. dt.), was first 
prepared from nitronaphthalene by heating to redness with lime (“naphthase,'* 
Laurent, 1840), and was therefore for a long time thought to be azonaphthalene. 
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It is also formed from 1,2-naphthalenediamme with 1,2-naphthoquinone; it is 
best prepared by condensation of nitroso-2-naphthylamine with 1-naphthylamine 
{Fischer,. Albert, Ber, 29, 2086) or by fusion of 2-naphthylamme with caustic al¬ 
kalis, with or without the addition of oxidizing agents (Ger. Pat. 166226, 1904). 
By oxidative decomposition dib(‘nzo[a,j]phenazine is converted to 2-phenylbenzo- 
[/Jquinoxaline, and dibenzol a,/? Iplienazine, to 3-phenylbenzo[/]quinoxaline 
(p, 301) {Fischer, Schindler, Ber. 41,390). Dibenzo[a,cjphenazine, phenanthro- 
phenazine, CiJls:N< 2 :C 6 H 4 , in.p. 217°, from phenanthrenequinone and o-phen- 
ylenediamine. Acenaphtho [ 1,2-6 ] quinoxaline, acenaphthophenazine , CisHs: - 
N 2 *'C 6 H 4 , m.p, 234°, from aceiiaj>htnenequirione and o-phenylenediamine [Am- 
pola, Recchi, Atti accad. Lincei [5] 8 (1899), 209]. ^ 

Anthrazine, dinaphiho[2,3-(r, 2',3'-h]phenazme, Ci 4 H 8 <y brown- 


red needles, m.p. about 390°, sublimable, is formed by the fusion of 2-anthramine 
with caustic alkalis (Ger. Pat. 172684,1905); it is also obtained from iiidanthrene 
by distillation with zinc dust. 

INDANTHRENE, difiydroanthraquinoneazine, 6,1 b-dihydrodinaphiho [2,3-a; 
2',3'-/ijp/ic/m2wc-5,18,9,14-<ciro/#c, was technically prepared in the year 1901 
by R, Bohn (Ber, 36, 1258). The clarification of its structure is due mostly to the 
work of R. Scholl (Ber. 36, 3410, 3427). The first indanthrene dyes were charac¬ 
terized by a high degree of ligh t- and washfastness. Today the term ‘ ‘ indanthrene” 
in technical vat dyestuff names indicates that the dye possesses these same proper¬ 
ties, although the dyes so named are not necessarily derivatives of indanthrene. 
Indanthrene is ])repared by fusion of 2-aminoanthra(iuinoue with KOH at 205°: 



2 -Aminoanthraqu)none 





The following syntheses of indanthrene are of no technical importance, but 
are of value in determining its constitution: (/) by condensation of 1,2-amino- 
anthraquinone with 1,2-anthracenedione, followed by oxidation and reduction 
(Ger. Pat. 170562, 1904); (2) from 1-aminoanthraquinone by heating with 

dilute acids under pressure (Ger. Pat. 186636, 1906); (5) by condensation of 1- 
amino-2-bromo(chloro-)anthraquinone with itself (Ger. Pat. 158287, 1903). 
Indanthrene is an indigo-blue powder, very sparingly soluble in all organic solvents 
(solubility in (luinoline, 1:500; in nitrobenzene, 1:5000); it crystallizes from 
quinoline in coppery needles. When heated with benzoyl cldoride it forms a di- 
benzoyl derivative, red needles {Scholl, Edlbacher, B^r. 44, 1732). 

Indanthrene is oxidized by chromic acid or nitric acid to the yellow-gre)en 
anthraquinoneazine, anthrazinetetrone, Ci 4 H 602 (N 2 )Ci 4 H 602 , which can be re¬ 
duced very readily to the diliydroazine. This stability of indanthrene, in contrast 
to the instability of other dihydrophenazines (p. 305), is analogous to the sta¬ 
bility of fluorubinc (p. 302), etc. By very energetic oxidation with chrorpic acid 
(40 hours' digestion), indanthrene is converted to 2,3-dihydroxynaphtho[2,3-/]- 
quinoxaline-7,12-dione: 



N=-C(OH) 


N-=C(OH) 


{Scholl, Kdlbacher, Ber. 44, 1727). The very unusual stability of indanthrene to 
oxidizing agents is due to the presence of negative radicals (the four carbonyl 
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groups), an effect which has many counterparts (Scholl, Ber. 36, 3422). The 
deep color of indanthrene is claused by iiiU'ractioii of the two quiiione chromophon^ 
groups with the two NH-groups, which intensify the color; the latter factor is 
missing in the brightly colored antliraquinoneaziues. 

When reduced with hydrosulfite or zinc dust, indanthrene adds either 2 (blue 
vat) or 4 (brown vat) H-atoms, forming alkali-sol able products having a hydro- 
quinone-like structure; these rcgeruiraU* th(^ insoluble dy(‘8tutT when expost^d to 
the air. The vat dyeing with indanthrerui is based on these reactions (Scholl, 
Ber. 36, 3410; Scholl, Sievnkopf, KaJbacznik, Ber. 40, 390). 

A number of halogenatc^d indanthrcines are technically important as dyes. 
They are oxidized to the corresponding azines with greater difficulty than in the 
case of indanthrene (c/. Bohn, Her. 43, 1000). 

A heterocyclic compound closely related to indanthrene in properties and 
preparation is the yellow dye flavanthrene, 5,13-diazapyranthrene-H,ir)-dione 
(see formula below). Although it is not a 1,4-diazino, liavarithrene will be de¬ 
scribed here because of its similarity to indanthreiK^. Like indanthrene, it is 
formed by alkaline fusion of 2-arainoanthraquinone, but at higher temperatures 
(350®); a better method is digestion with antimony pentachlorid(‘ in nitrobenzene 
solution. Its constitution is evident from its synthesis from 2,2'-dimothyl-l,l 
dianthraquinoyl (VoL III, p. 667). It can be oxidized to the corresponding 
diantliraquinonyldicarboxylic acid, whose diamide is converted by bromine and 
alkali to 2,2'-diaraino-1,1'-dianthraquinoyl; the latter condenses spontaiuiously 
with loss of 2 HaO to flavanthrene (Scholl, Ber. 40, 1691; cf. Bcnesch, Ber. 32, 
447). For other syntheses of flavanthrene, see Scholl, Dischendorftr, Ber. 51, 
452). 


CO 



2-Aininoanthraquinone 


CO 



CH) 



2,2'-Diamino-l,l'- 

dianthraquinoyl 


Flavanthrene is a yellow, very sparingly soluble powder, w'hich crystallizes 
from quinoline in shiny brown-yellow needles. With alkaline hydrosulfite solu¬ 
tion it gives a dark blue vat, from which cotton is dyed a very fast yellow by 
oxidation of the original blue shades in the air. Wluui reduced energetically with 
HI and phosphorus, or when heated with zinc dust, flavanthrene is converted to 
fiavanthrine, ry,lS-dihy(ho~5,13-dinzapyranthrene, C 28 H 16 N 2 , browui needles, m.p. 
390® (Scholl, Ber. 41, 2304; Scholl, Neovius, Ber. 41, 2534). 

5,10-Diaryldihydrophenazines are obtained by the action of acids on diaryl- 
hydroxylamines: 


CH 3 C 


C6H4CH3 
^NOH H. 


>C6H3CH3 

H HON/ 


CJhClh 


CJT4CH3 

1 

- 2 H 2 O 

--► CHsCeH/ NcjTsCHa 

\n/ 


Diarylhydroxylamines occur as intermediate products in the formation of 
diaryldihydrophenazines from tetraarylhydrazines and t(^traaryltetrazones with 
concentrated acids (Wieland, Ber. 41, 3478, 3498; Wielandj Roseeu, Bor. 45, 
496). 

5,10-Dii»henyldih7drophenazine, colorless needles, m.p. 172-175®, is formed 
together with diphenylamine when tetraphenylhydrazine is boiled in toluene solu- 
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lion; a primary fisKsion of the ietraphenylhydrazine between the two N-atorns 
must be assumed, as in the spontaneous dissociation of hexaphenylethane into tri- 
phenyJmethyl {Wielandj Ann. 381, 202): 

/N(C6H5)v 

2((W5).N-N(('6H5)2 -► Cell/ >C W4 + 2 (C6H5)2NH 

^NCCeH^)/ 

Th(^ eolorJess solution of diphenyldiliydrophenazinc in concentrated H 2 SO 4 
turns a deep dark blu(‘ on the addition of oxidizing agents. 

Octahydrophenazine, picratem.p. 168° (Godchot, C.r. 180, 444). 

Dyes are formed by the introduction of the auxochromic groups OH 
or NH 2 into the chromophoric phenazine. These amino- and hy- 
droxyplienazines (eurhodines and eurhodols) may exist in either the 
normal form or a T^nra-quinoid ff)rin (KehrmanUj Ann. 290, 260), e.g .: 


Eurhodine: • NH 2 

or C 6 H 4 <: ^CellaiNH 

XnH/ 

Eurhodol: C 6 H 4 <^^^C JT 3 • OH 

/X 

or C 6 H 4 < NCelLrO 

XnH/ 


Derivatives of these compounds phenylated on the ring nitrogen, the safranines 
and indulines, are more valuable as dyes than the simpler derivatives. They are 
discussed as azinium compounds on pp. 309.^. 

AMINOPHENAZINES. (/) Monoaminophenazines, eurhodines, are pre¬ 
pared : (a) Like the parent compounds, from aminated o-diamines with quinones: 


yKlh OC—CH=-CH 


'^NIT. OC— 

Triaminobenaene 1,2-Naphtho¬ 

quinone 


CeH4 


N-=C—CH-=CH 

__ 1 


^N=C- 


C,H4 


Aminobenzo [a Iphenazine 


( 6 ) By the action of aromatic monoamines on o-aminoazo compounds: 


.N:N(’,H 7 

CjH,/ + C.„H,NIl 2 • 

\NH2 


C,H6<^n/C,„H 5NH2 + CjHjNH, + II, 


(c) By condensation of A'-dichlorc^uinonimines or p-nitrosodimethylaniline 
with monoamines in which the p-position is occupied (if it is free, indamines are 
formed): 


/NO Hv /N. 

(CH;02NC^6H< -f >CioH6 -> (CH3)2NC«H< >CioH« 

MI H 2 N/ 

The eurhodines are weak bases; their salts are scarlet. When diluted, the red 
solutions in concentrated H 2 SO 4 turn black, green, and finally red, a phenomenon 
caused by the gradual dissociation of salts stable only in the presence of concen¬ 
trated acids. The solutions in ether have a yellow-green fluorescence. When 
heated with acids the aminophenazines are converted to phenazinols, eurhodols 
(see below). 

1 -Aminophenazine, m.p. 172°, red flakes (Kehrmunn, Prunier, Helv. 7, 984). 
2-Aminopkenazine, m.p. 290°, red needles, has been prepared from diamino- 
phtmazine by heating with zinc dust, from diaminodiphenylamine, NH 2 [ 2 ]C«H 4 - 
NHCftH 4 [ 3 ]NH 2 , by oxidation {Fischer, Ber. 29, 1874), and from o-nitraniline by 
condensation with aniline in the presence of zinc chloride {Wohl, Lange, Ber. 43, 
2186). 

Aminobenzophenazme, CioHeNjCfHiNHj, m.p. 267°, from chrysoidine and 2- 
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naphthol or from 2-naphthyIamine and V,V-dichloroquinonimine (Wedekind, 
Ber. 38, 1844). 

{2) Unsymmetrical diaminophenazines are obtained by oxidation of o-di- 
ainines (together with aminophenazinols: Ulhmnn, Mauthner, Ber. 36, 4026): 


/NH2 , /NIT2 

c,h/ -f c:ji/ 


o 


^NH2 


>CoTT< 


2,3-Diamiiu>p)hcnazine‘ 

When dialkylated o-diamines are oxidized, p-quinoid azoniuni salts are formed 
{Fischerf Ber. 37, 552): 

^NIICHa 


2(;, 


MTir^ 


20 






(Ur/ >c^en< 

NHCm., 'N(CHn)Cn^^ ^NirCdB 


{3) Symmetrical diaminophenazines, toluylene red group. s-Diamiiio- 
pheiiazines are prepared by oxidation of aminated indamines: 

/NH 2 o 


Nil 




N- 


_/ 


C,Il4NH2 


NH 2 I 




«-Dianiinophenazine 


In place of the indamines, a mixture of a p-diamine with a w-diamine can be 
oxidized; the same products are obtaintid when N-chloroquinonimines are re¬ 
acted with m-diamincs. Toluylene red, dimethyldiaminotoluphenazine, NH 2 - 
C 7 H 6 N 2 C«H 8 N(CH 3 ) 2 , is formed by the oxidation of p-aminodimethylaniline with 
?a-toluylenediamine, with intermediate formation of toluylene Idue (Vol. Ill, p. 
248). Toluylene red, orange-red needles, dyes silk and mordanted cotton 
scarlet; it is marketed under the name neutral red. The monoacid salts are red; 
the di- and triacid salts, stabUj only in the presence of concentrated acids, are 
blue to green. When d(^aminaf,ed it gives dimethylaminotolupluuiazine. 

PHENAZINECARBOXYLIC ACIDS. 1-Phenazinecarboxylic acid, m .p. 239 
has been ^synthesized by apylication of method 5 (p. 304) to anthranilic acid 
(Kogl, Postowsky, Ann. 480, 293). The amide, m.p. 241°, is idcnitical wit h the 
hydroxychlororaphine obtained from tlie fungoid dye chlororaphine by treatment 
with oxygen (Kogl, Postowsky, Ann. 480, 280). 

PHENAZINOLS, eurhodolSf are prepared: (/) from the aminophenazines by 
heating with concentrated hydrochloric acid at 180°; (2) syntJietically, by con¬ 
densation of o-diamines with hydroxylated o-quinones {Kehrmann, Stanoiy^vitch, 
Helv, 8, 661). The phcnazinols resemble the aminophenazines in color and 
fluorescence. 

1-Phenazinol (he?nipyoryanine)^ m.p. 158°, is obtained through its methyl 
ether, m.p. 168°, formed by the condensation of o-phonylenediamine with the 
monoinetbyl (dlier of pyrogallol (Wrede, Slraxk, Ber. 62, 2051; Z.physiol.Chem. 
177, 185). It is also f)rodvfl^ed by the cleavage of pyocyanine (p. 313) by alkali 
in the presence of air {Wredcy Strark, Z.physiol.Chem. 181, 60). «-Benzophen- 
azinol, I 10 CionftN 2 (-elb, prepared from aminobenzophenazine or by condensa¬ 
tion of hydroxy-1,2-naphthaquinone with o-plioriylenediamine, forms two iso¬ 
meric methyl ethers, an oxygen ether and a nitrogen ether, which correspond to 
the two forms given above for eurliodol (p. 308) {Kehrmann, Messinger, Ber. 
24, 2167). 

Di- and polyhydroxyphenazines are obtained by methods similar to those used 
for the monohydroxy derivative. Condensation of o-phen 3 denediamine with di- 
hydroxydihydronaphthalcnedione yields benzophenazine oxide, (C 6 ri 4 N 2 CiqH 6 ) 0 , 
a compound of the ethylene oxide type, which is rearranged by hj^drochloric acici 
to a-benzophenazinol, C«H4N2CioH60H, m.p. 198° {Zincke, Ber. 26, 617; Zincke, 
Wiegand, Ann. 286, 61). 

HALOGEWO PHENAZINES are prepared from the corresponding phenazinols 
with phosphorus halides. The 3-chloro- and 3,6-dichlorophonazimum chlorides 
from mdone chloride (p. 313) and safraninone chloride (p. 315) have been in¬ 
vestigated in detail. 

AZlNItJM COMPOUNDS. These compounds are important because they 
are the parent compounds of the induline and safranine dyes, from which they are 
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obtained by diazotization in strongly acid solution and to which they are usually 
converted by treatment with ammonia or alkalis. The ease with which the 
azinium compounds are substituted, by other radicals, such as the desoxybenzoin 
residue (Sachsy Ber. 31, 3073), as well as by OH-, NHz-, and amine groups, is also 
characteristic of the azoxoniurn and azothionium compounds (pp. 275, 279); 
it is found to some degree in all quinones. In view of this, certain regularities 
in the substitution of asymmetric azinium compounds are more satisfactorily 
explained by or^/io-quinoid formulas {Kehrmann, Ber. 33, 395) such as the 
following: 


jV--- 

^N{on){c,ih) 



Ci4H8<^ 


N-— 

N(OH)(CeH,) 



For the synthesis of phenazinium compounds, see p. 304. The phenazinium 
salts are generally isolated by mcains of tlieir ferric chloride double salts. Ethyl- 
phenazinium iodide, CJ 6 H 4 (N 2 (' 2 Hf, I)CdH 4 and methylbenzophenazinium iodide, 
C'ioIT 6 (N 2 CIl 3 -l)( ' 6 H 4 , ar(‘ formed from the corresponding azines with alkyl iodides 
{Fischer, Heppy Ber. 30, 391). Phenylphenazinium chloride, from ^osafranine 
chloride by deamination, ferric chloride double salt, (J 6 H 4 (N 2 C 0 Tl 6 -Cl)CftH 4 *FeCl 3 , 
in.p. 180'', is r(Hjuced by stannous chloride to 5-phenyl-5,10-dihydrophenazine: 

t/flll4\ ^t'6ll4 

^NIK 

m.p. 143'’, the true analogue of pheiioxazine and phenothiazino {Kehrman.n, Ann. 
322, 59). Phenylbenzophenazinium chloride, CioHfl(N 2 C 6 H 5 *01)06144, from 
rosinduline and isorosinduline (p. 312). An isomeric phenylbenzophenazinium 
chloride has been obt,ained from t/'-rosinduline, and also by condensation of 1,2- 
naphthoquinono and phenylphenylenediamine {Kehrmaniiy Ber. 29, 2316; 
Kehrmann, SchaposchrdkoJJ'y Ber. 29, 2967; Kehnnann, Helwig, Ber. 30, 2629). 
Phenyldibenzophenaziniiun chloride, OioH6(N206H6 0l)Oion6, from naphthin- 
duline (Kehrmann, Suthersi, Ber. 32, 939). Phenyldibenzofa,c]phenazinium 
chlondey flavlvduline, 0 uH 8 (N 20 eH 60 l)C 6 H 4 , from phenanthronequinone and o- 
aminodiphciiiylamine [Hinsbergy Garfunkel, Ann. 292, 266; Ger. Pat. 97639, 
1897; Kihinay J.Huss.Phys.Ohem.Soc. 32 (1900), 170]. For the products of 
the reaction of flavinduliiie with organomagnesiurn compounds, see Freund, 
Richard, Ber. 42, 1104. Phenylacenaphtho[ 1,2-5]phenazinium nitrate, O 12 H 6 - 
(N 20 VH 5 N 0 j) 08 H 4 , from aconapht.henequinonc and o-aminodiphenylamine {Ull- 
mann, Cassirer, Ber. 43, 441). 


Aposafranincs, ARomfranones, Safranines, Sajranones, Iridulines* 

These important groups of dyes, which have been known for a long time 
(Caro, Dale, 1865; Griess, Martius, 1866), are amino and hydroxy derivatives of 
N-phenylphenaziniurn salts: 



C( ^f) 

Cl CeHfi 

3-Amino-5-phenylphen- 
azinium chloride. Apo- 
safranine chloride 



3,7-Diamino-5-phenylphen- 
azinium chloride. Bafranine 
chloride 


These structures are proven experimentally by the conversion of aposafranine 
chloride to phenylphenazinium chloride by diazotization and removal of the diazo 
group. 

* For the numerous patents covering these dyes, see Frdl., Vols. I-XX. 
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As in the case of the phenoxazinium and phenothiazinium dyes, these com¬ 
pounds also (at least in the form of their nionoacid salts) are bettor n^presonted by 
a pam-quinoid structure, than by the or//^<>-quinoid formulas (p. 810); in 
solution a desmotropic equilibrium between thc^ two forms tifipears to exist (r/. 
Kehrmann, Ann. 414, 142). The spectroscopic data on these systems confirm 
the above conclusions (Kehrmann, Ber. 47, 1895; Ann. 414, 181). According 
to the p-quinoid formulas, the dyes are the hydro(4llorid(^s (d’ 8 -plienazime and 7- 
amino-3-phcnazime: 


H I 

CeH, 

Aposafranine chloride 


ci- 



H I 

CeHs 

Safranine chloride 


NIB 


cn- 


The corresponding oxygen-compounds, the aposafranones and safranon(\s, 
which are derived from 3-phenazinone [this compound must not be confused with 
the dibenzopyridazine (p. 287), nor with aTitii)yriue, which arc? both sometimes 
called phenazone] have analogous formulas: 


■ Q^Wo, 

I 

c,H6 J 

Aposafranone chloride 


Also, for the 
free bas(^: 



Phenolbetaine formula 


For the free phenazinone bas(^ the phetiolbet.aine formula is also used. 

In the p-quinoid form the phenazine dyes may be regarded as indamines or 
indophenols to which a further nitrogen atom has been added to close the phen¬ 
azine ring (of. the analogous relation of the dyes of the phenoxazine or pheno- 
thiazine series). 

The indulines, which are derived from the same basic nucleus (phenazime), 
contain phenyl nuclei in the amino groups, and are therefore aniline derivatives 
of phenazime. The term induline, however, does not always have the same con¬ 
notation. 

Aposafranines are obtained: (a) by heating p-aminoazo compounds with 
monoamines in the presence of some mineral acid: 


/N-V 

NIl2[4|C,H4N:NC6H, + > HN:C,H»<f VjeH. 

\N(C,H5)/ 

The intermediate and side-products are p-quinonediimines, such as quinone- 
dianil, anilinoquinonedianil, dianilinoquinonedianil, or azophenine j Fischer, 
Hepp, Ber. 25, 2731; Z.Farb.Textilchemie 1 (1902), 457]. This reaction is 
therefore related to the formation of benzophenazimes and phenazinones (iso- 
rosindulines and isorosindones) fromN,N'-dicnloroquinonimine, p-nitrovsoanilines, 
and p-nitrosophenols with alkyl- or aryl- 2 -naphthylamines (Fischer, Hepp, Ber. 
29,2753; FiscAcr, Ber. 34, 940): 


ClN:CttH4:NCl 

4“ 

CeHsNHCioHr 


HN 




^N(CeH.,)'^ 


HOC 6 H 4 NO 

4“ 

CtHfiNHCioHT 


N-V 

0:C6H3<f 

\N(C«H5)/ 
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(6) Phenazinones and phenazimes are also formed by condensation of hy- 
droxyquinoiKJs and aminoquinones with phenylated o-diamines {Kehrmann, Ber. 
28, 1714; Arm.290, 262): 


O, 

I10« 


Am (C«H5)NH. 
vm2< + >CeH4 

^0 H 2 N/ 


.0 CbIIsNHv 

AcNI-]C,„H< + VjJI. 

h.n/ 



Th(3 dyes technically known as indulines can be divided into four classes: 

(/) Benzindulines, HN :CbH 8 (N 2 C 6 H 5 )C«H 4 , from phenazime. 

(^a) Isorosindulines, UN ;C 6 H 3 (N 2 CeH 6 )CioH 6 'j 

>, from bonzophenazime. 

{2b) RosinduUnes, HN: (hoTT5(N2CW6)("6H4) 

(;:?) Naphthindulines, HM:CioH 5 (N 2 (' 6 H 6 )(hoH 6 , from dibenzophenazime. 

(4) Flavindulines (p. 810), from dibenzofa,c)phenazime and tribenzo[a,r,/i] - 
phenazime. 

The m«>alkyl derivatives, corresponding to these w.9-phenyl derivatives have also 
been prepared by various methods (cf. Fischery Heppy Ber. 30, 294). 

TIkj benzindulines and isorosindulines have similar properties, both being de¬ 
rivatives of benzoquinone, while the rosindulines resemble the naphthindulines, 
whi(!h are also di'rived from naphthoquinone. The former of the two groups forms 
sparingly solubhj, violet to blue salts; their application in calico printing depends 
on th(jir solubility in acHitin (acetin-priiitirig). The rosindulines and naphth- 
indiilines arc stronger bases. Their salts are deep red, with red fluorescence. 
Their solutions in strong acid show the same color changes on dilution that the 
safranines do. When warmed with anilines, the indulines, like the quinones, give 
aniline derivatives; the indones, when warmed with alkali, yield hydroxy- 
indoncs. For the action of ammonia on indulines, see the safranines. 

Aposafranine, benzinduline, is formed by the deamination of phenosafranine 
(p. 814) or isophenosafranine (p. 814; KehrmanUy Ann. 322, 69) and is converted 
by further deamination to phcnylphenazinium salts, which regenerate aposa- 
franinc when treated with ammonia. When warmed with aniline, aposafraiiine 
yields anilinoaposafranine {Kehrmanriy Ber. 28, 1709; Kehrrnanny Schapo- 
schnikojjy Ber. 29, 2967). Aposafranine is obtained togc^ther with several other 
induline derivatives from p-aminoazobenzene and aniline [c/. Fischer, Hepp, 
Ber. 33, 149S; Z.Farb.Textilchemie 1 (1902), 457; Barhiery Sisleyy Sitzungsber. 
kgl.preuss.Akad.Wiss. 1907, 440). If p-aminoazobenzene is heated with p- 
pnenylenediamine, a mixture of aminated indulines is produced; this is used as a 
cotton dye under the nam(3 paraphenylene blue (cf. Fischecy Hepp, Ann. 286, 
195). 

Isorosinduline, Cione(N 2 C 6 H 6 )CBH 3 NH, from N,N'-dichloroquinonimine and 
phenyl-2-naphthyl amine, yields phenylbenzophenazinium salts when deaminated 
(Fischer, Hepp, B(;r. 29, 2758). The dimethyl derivative of isorosinduline is pre¬ 
pared from p-nitro8odimethylaniline with aniline and 1-naphthylamine; an ani- 
lino derivative of this compound is the well-known Basle blue (Fischer, Hepp, 
Ann. 272, 311). 

Rosinduline, HNCioH 6 (N 2 C 6 H 6 )C 6 H 4 , m.p. 199°, is obtained from benzeneazo- 
1-naphthylamine with aniline, from o-hydroxy-l,4-naphthoquinonimine with 0 - 
aminodipnenylamine and, together with the isomeric -rosinduline, from 4- 
acetamido-1,2-naphthoquinone with phenyl-o-phenylenediamine. ^-Rosin- 
duline differs from rosinduline in the position of the NCsHB-group in the naphtha¬ 
lene ring (Kehrmann, Messinger, Ber. 24, 2167; Kehrmann, Ann. 290, 262). 
Like isorosinduline, rosinduline may be deaminated to phenylbenzophenazinium 
salts, from which rosinduline may be regenerated by the action of ammonia. A 
series of isomeric rosindulines have been premared by various methods (cf. Kehr^ 
mann, Levy, Ber. 31, 3097; Kehrmann, Filaioff, Ber. 32, 2627; Kehrmann, 
M^olff, Ber, 33, 1543; Kehrmann, Hclv. 8, 656). Phenylrosinduline, m.p. 235°; 
azocarmine is its disulfonic acid (Ger. Pat. 46370, 1888, Frdl. 11, 202). 

Naphthinduline, HNCioHt(NsC«H()CioHe, m.p. 260°, is obtained from benzene- 
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azo-l-naphthylamine with naphthylamine and aniline (Fischer, Hepp, Ann . 262, 
262 ; 272, 311), Naphthyl violet is Ob pmlmo derivsitive. Naphthyl blue, the 
anilino derivative of phenylnaphthinduline, is formed by inner condensation of 
benzeneazo-l-naphthylphenylamine. 

INDONES (Fischer, Hepp, Ann. 286, 242). The indones are derivatives of phen- 
azinone. Since they form chlorophenazinium chlorides with PCI 5 , a phcnolbetaine 
structure must be considered for these compounds together with the p-quinone 
formula (p. 311) (Fischer, Hepp, Ber. 33, 1485; Kehrtnann, Stem, Ber. 41, 12): 

VoH* or 0-C.H,<^^ > 

\N(CJI.K 1 

/N -V 

cic.n,<f >cai4 

The indones add dimethyl sulfate to give methyl sulfate salts of methoxyphen- 
aziniura hydroxides (Kehrmann, Ann. 322, 73). 

Aposafranone, henzindone, Ci8Hi2N20, m.p. 242°, prepared from aposafranine 
bromide with aqueous sodium hydroxide (Fischer, Hepp, Ber. 33, 1487), reacts 
with PCIb to form phenylchlorophenaziniurn chloride (see above), and with hy- 
droxylamine to form aminoaposafranone, Ci8HiiN20(NH2) (Fischer, Hepp, Ber. 
38, 3435). Rosindone, OCioH 5 (N 2 C 5 li 6 )CeH 4 , m.p. 259°, is used tcjchnically in 
the form of its sulfonic acid as a ponceau-red dye. With P('Ir, it gives phenyl- 
chlorobenzophenazinium chloride, which is converted by KSH to thiorosindone; 
with dimethyl sulfate, rosindone gives 'H-methyUN'-phenylmethoxyhenzophen- 
azinium sulfate, CHjOCioH6(C(dl6N2*OS08CH3)C6H6. For the oxidation of 
rosindone to rosindonic acid with CrOa, see Fischer, Ber. 36, 3622. Isorosindone, 
CioH«(N2CeH6)CeH80, m.p. 224°, from nitrosophenol and phenyl-2-naphthyl- 
amine (Fischer, Hepp, Ber. 29,2755), is converted by PCU to phenyibenzochloro- 
phenazinium chloride (Fischer, Hepp, Ber. 33, 1494), and, by hydroxylamine, to 
aminoisorosindone (Fischer, Romer, Ber. 40, 3400). Naphthindone, CioHtO- 
(N 2 ‘C«H 6 )CioH 6 , m.p. 295°, reacts with PCU to form phenylchlorodibenzophen- 
azinium chloride (Fischer, Hepp, Ber. 33, 1497). 

J^ocyanine, C 2 flH 2 oN 402 , has been found to be a derivative of 2-phenazinone. 
This blue dye is a product of the metabolism of Bacillus pyocyancus. Wrede 
(Z.physiol.Chem. 181, 64) assigns it this constitution: 



With alkali in the presence of oxygen, 1-hydroxyphenazine (hemipyocyanine) 
(p. 309) is formed. For the synthesis of this dye, see Wrede, Slrack, Z.physiol. 

Chem. 181, 74, 

SAFRANINES. The safranine salts may be considered as sym¬ 
metric diamino derivatives of azinium salts {Nietzki, Ber. 29, 1442). 
They are prepared: 
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(i) By oxidation of a mixture of an indamine and a monoamine 
(c/. Hardiriy Ber. 33, .1212); 

^ 

HN: C J-l4^ ^ CflH4 • NHa + NH^CeH* 

N -V 

HaN-CJisC XeHa-NH. 

%(CeH5)CK 

Phenylcne bluo Phenosafranine chloride 

The mechanism of this reaction must be quite similar to that given for 
methylene blue (p. 280). 

By oxidation of a mixture of m-amino derivatives of di- 
phenylamine with 7 >diamines or dichloroquinonimines (Jauberty 
Ber. 28, 1579; Nietzki, Ber. 29, 1444): 


NH2[3]C«H4^ 


C•H5NH[3]CJI4^ 


+ NTl2C<,H4[4]NHC«Hfi 
NIKCfllh) 

-f NH^CelEIllNIh 


iici 


"NHCCJ-h) 


N-. 

NCellsNIKCaHa) 

^N(C6H6)CK 

Phenomauvoine 


(,5) liy the action of ammonia or aminos on the acetyl derivatives of indulines: 

N[- N--- 

AcNHCeHaC >C,H4 -> AcNH-Celhcf 

^N(C6Hfi)CK ^N(C6H5)CK 

The safranines form stable monoacid salts, usually red. Their solutions in con¬ 
centrated sulfuric acid or hydrochloric acid are green; whtai diluted, they turn 
blue, then red (due to dissociation of unstable polyacid salts; cf. monoamino- 
phenazines, p. 308). These color changes are reversed by addition of acid to 
dilute solutions of the salts. The slight solubility of the nitrates is a character¬ 
istic property. The alcoholic; solutions of tHe safraniiujs show a strong yellow- 
red fluorescence. In contrast to the indulinc azinium bases (p. 311), the free 
azinium bases of the safranine sericjs arc stable in aqueous solution {Hantzsch, 
Ossxvaldj Ber. 33, (ll^). The safranines can be reduced to Icuco bases, which 
regcuKiratc; the dyes vcjry rapidly in the presence of alkali. 

Phenosafranine chloride, Cj8Hi6N4(4, shiny green flakes or steel-bliie nocHUes, 
yields safranol (p. 315) when digested with barium hydroxide. When its rnono- 
azo derivative is boiled with alcohol, it is conv(;rted to aposafranine chloride (p. 
311), whose acetyl derivative gives an acetylated phenosafranine on treatment 
with ammonia {Kehrmann^ Schaposeknikojf, Ber. 30, 1565). as-Dimethyl - and 
diethylphenosafranine (Nietzki, Ber. 28, 1356) are obtained from dimethyl- 
and diethyl-p-f)henylenediamine with 2 molar proportions of aniline. Tetra- 
ethylphenosafranine is t he violet dye aimthysi. 

Isophenosafranine chloride, (NH 2 ) 2 C 6 H 2 (N 2 C 6 H 6 C 1 ) C 6 H 4 , differs from safranines 
in having both amino groups attaclaxl to one benzene nucleus. It is prepared from 
diiiitrophenyldihydrophenazine, the condensation product of picric acid with 0 - 
aminodiphenylamiiie, by the same method used for the analogous compounds of 
the oxazine and thiazine series (pp. 272, 277) (Kehrmann, Pninier, Helv. 7, 
984; /loe/m, Helv. 8, 275). 

TOLUSAFRANINE, Ci 8 Hi 3 (CH 8 ) 2 N 4 Cl, is the principal constitu¬ 
ent of the ordinary, safraiiine which is used to produce scarlet and 
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rose shades on cotton and silk. It is obtained from n-toluenedi- 
amine (see p. 314) with 1 mol o-toluidine and 1 mol aniline; techni¬ 
cally this mixture of bases is produced from the “ aniline oil for safra- 
nine,” which is partially convertf'd by diazotization to p-ainino- 
azotohiene and then reduced to 7 ?-t()luenediamine and o-toluidine. 

Naphthophenosafranine chloride, NH2(^oHf>(N2(VTf,C/I)(yT3NH2; its acetyl 
derivative is fornuid from ac(itylisorosiii(luliu(! witli aminoaia (Kchr7nann, 
SchaposchnikojD'f Her. 30, 1566). 

Indazine, C6H5NHC6H8(N2C1CW5)C6H8N(CH 3 ) 2 , m.p. 218°, is closely related 
to the safraiiines in its formation. It is prepared from diphetiyPm-phtmylene- 
diainine with nitrosodiinethylaniline. The analogous nomnethylat.ed compound, 
from nitrosoaniline and diplienyl-m-phenylen(‘diamin(‘, or from m- and jt>-amino- 
diphenylamine (see above) is identical with phenomauveine , which is akin to 
mauveine, the first aniline (ly(‘ t.o be produced t(?clini(rally (J^crkm, 1856). 
Mauveinc is obtaiiuul by oxidation of aniliiui containing t,oluidine with bichromate 
or PbOa [ Cobenzly Osterr.cheni.Z. 28 (1925), 251 • Another member of thti safra- 
nine group is magdala red (Hofmanriy Ber. 2,412), which is formed from amino- 
azonaphthalene with 1-naphthylamine hydrochloride and apparently lias this 
constitution: 

N—-. 

NIbCioIbC >CioH,NH 2 

^N(C,oH7)CK 


(Fischer, Hepp, Ber. 26, 2235; Kehrmann, Schaposchnikoff, Ber. 30, 1567). 

SAFRANONES and SAFRANOLS are symmetric amino and hydroxy deriva¬ 
tives of aposafranone (p. 313); they are formed similarly to the safraiiines from 
m-hydroxvdipheiiylamines with nitrosodimethylaniline or nitrosophenol (JauherL, 
Ber. 28, 270, 1578; HarricSy Klamiy Ber. 28, 503; Nieizkiy Ber. 28, 1354). 
SafranonCy C/jallisNaO, and safranoly C/ 18 II 12 N 2 O 2 , are also obtained by digesting 
phenylsafranine with barium liydroxide solution or KOH (Fischer, Hepp, Ber. 30, 
399). With PC'h safranol gives dichlorophenazinunn chloride, C1(/6H3(N2 *01- 
C6H6)C/6H8C3 (Fischer, Hepp, Ber. 31, 301). 

Fluorindines. Tlu^ simplest member of this group of dyes, fluorindine, is the 
analogue of triphenodioxazine (p. 277); 



Tiiphenodioxazine Fluorindine “ 5,12-Dihydroquinoxalo[2,3-&] 

phonazine 


As triiihenodioxazines are formed by oxidation of o-aminophenols, so the 
fluorindines are prepared by oxidation or heating of salts of o-diamines, os-di- 
aminophenazines (p. 309) bedng formed as intei-mediat(‘ products: 



a«-Diaminopbenazine o-Phenylenedianiine 


CcH/ >C.H. 

^NH-" V 




Fluorindine 


The fluorindines are shiny green c.rystals, which sublime undecomposod and 
are very sparingly soluble. Their solutions show a beautiful brick-red fluores¬ 
cence. 

Methylfluorindine, (^«H4(N2H)()6H2(N2*CflIs)('6n4, iw obtained from diamino- 
phenazine hydrochloride with methyl-o-phenylenediamine. Phenylfluorindine, 
C 6 H 4 N 2 HC 6 H 2 N 2 (C 6 H 6 )C 6 H 4 , has been prepared by condensation of aposafranine 
chloride (p. 311) with o-phenylencdiamine (Fischer, Hepp, Ber. 29, 367). Di- 
phenylfluorindine, 06 H 4 (N 2 C«H 6 )CW 2 (N 2 *06146)06114, is formed by oxidation of 
azopheninc (Vol. Ill, p. 247) or by sublimation of phenylinduline (see above 
(Fischer, Hepp, Ber. 28, 293). For dibenzo[o,c]fluorindine, phenantliropheno- 
fluorindine, from c-diftminofluvinduline, soo K^hrrmnn, Ber. 33, 405. 
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12-Qiiinoialo[2,3-&]phenoxazine, triphenazineoxazine, is a mixed oxazine- 
phonazino; it is prepared from as-dihydroxyphenazine with o-aminopheuol or 
from amiiiophenoxazone with o-phenylenediamiiie {Fischer, Hepp, Ber. 28, 299; 
/>^ejyo/d6T,‘Ber.31,499; 34,2272 ; 35,2816): 

/Ox /O NHjv /Ox 

Cell/ + >CflH4 -> CeH/ >C6H4 

\xNH2 mi/ 

Higher condensed ring-systems have been obtained by this same method 
{Kehrmann] Lozoz, Helv. 10, 339; Kehrmann, Collattd, Helv. 11, 1028). 

4. ARSAZINES 

Phenarsazine is a tricyclic ring-system derived from the phenazine ring by re¬ 
placement of an N-atom by As: 



Derivatives of this ring-system may be obtained in two ways: 

1. By heating diphenylamine and substituted diphenylamines with AsCli 
(Wielatui, Rheinheiiner^ Ann. 423, 1): 


Cl 



10-Chloro-5,10-dihydrophenar»azine 
B Phenarsazine chloride 


2. From N-phenyl-o-arsanilic acid (a) by elimination of water by digesting 
with HCl, with formation of phenarsazinic acids; (b) by reduction with HCl, 
SO 2 in the presence of some iodine, with formation of 10-chloro-5,10-dihydro- 
phenarsazine {Gibson, Johnson, J, 1927, 2499; 1929, 1229, 2743): 



a 



The phenarsazinic acids can bo obtained from the 10-chloro-5,10-dihydrophen- 
arsazines by oxidation with H 2 O 2 ; this conversion can bo reversed by reduction 
with SOi in alcoholic hydrochloric acid solution. 

When phenarsazine derivatives are treated with bromine, the arsenic is split 
off, and brominated diphenylamines are produced (Mson, Gibson, Johnson, J. 
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1929, 1080).^ With nitric acid nitro derivatives of phenarsazine are formed. 

Phenarsazine, m.p. about 310®, orange-red, prepared by heating the methyl 
ether obt/ained from 10-chloro-5,10-dihydrophenarsazine (WieXand,Hheinh^.imer, 
Ann. 423, 16). Phenarsazine readily adds a number of compounds, such as HCl, 
alcohol, and acetic acid; the products are derivatives of dihydrophonarsazine. 

10-Chloro-5,10-dihydrophenarsazine, m.p. 192°, by method / or 2 {Wieland, 
Rheinheimcr, Ann. 423, 12; Burten, Gibson, J. 1926, 464) ^ lO-Chloro-2-methyl-, 
10 -chloro- 3 (l?)-methyl-, 1 0-chloro-2,8-dimethyl-5,10-dihydrophenarsazine, in .p. 
200 °, 216°, 262° {Burton, Gibson, J. 1926, 464; Gibson, Johnson, J. 1929, 707). 
10-Chloro-5,10-dihydrophenarsazine-4-carboxylic acid, m.p. 243°, from anthra- 
nilic acid according to method 2b. 

Application of method 2^ to o-, m-, and p-phenylenediamine yields com¬ 
pounds containing two arsazine rings {Gibson, Johnson, J. 1928, 2204): 


Cl 


Cl 


c. 






s/\- 


NH^ 


The replacement of the second nitrogen atom in phenazine by As gives the 
compound: 



Arsanthrenc, m.p. about 340° (Diphenyldiarsine) 


This orange-yellow compound has been prepared from the corresponding di- 
chloride by reduction {Kalb, Ann. 423, 68 ). Arsanthrenic acid, m.p. over 360°, 
corresponding to arsanthrenc, is produced by oxidation of arsanthrenc dichloridc 
with HNO 3 {Wieland, Rheinheimer, Ann. 423, 31). 


III. SIX-MEMBERED RINGS WITH THREE 
HETERO ATOMS 


1. TRIAZINES 


Derivatives of all three possible isomeric triazinos are known: 


|6) N N |31 

(A) I 11 (B) 

I«1 HC CH [21 

\ N / 

in 

s-Triazine, 

1,3,6-Triazine, Cyanidine 


141 

[61 HC CH [8) 

t«i H(i Ir [21 

\n/ 

[1] 


as-Triazine, 

1,2,4-Triazine 


(C) 


( 6 ) HC 

[61 ni 


N [31 

Ir (21 


% j>f/ 

[11 


r-Triazine, 

1,2,3-Triazme 


(A) s-Triazines, Cyanidines 

The formula of the symmetric triazine is the same as that of the hypothetical 
trihydrocyanic acid, to which certain metallohydrocyanic acids are referred (c/. 
Pascal, C.r. 180, 1850). A number of polymeric cyano compounds, such as 
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cyanuric acid, thiocyanuric acid, cyanuric chloride, melamine, and isomelamine, 
are derivatives of this triazine. They are treated in Vol. I. 

Alkyl- and phenyl- 5 -triazines are obtained; 

/. By the action of aluminum chloride on a mixture of benzonitrile and 
benzoyl chloride or fatty acid chloride. When benzoyl chloride is used, the re¬ 
action, which is improved by the addition of ammonium chloride, apparently 
takes the following course {Eiinery Krafft, Ber. 25, 220d): 


2 C 6 H 5 CN + CeH^COCl 


CVH5CCI OCC0H5 nh, 

N—C(C6ll6)=N " 

C0H5C-N“--=CC«H6 

N--C(CflH5)=-N 


By the re.acf ion of fatty acid anhydrides on aromatic carboxylic acid 
arnidines (Pinner, Ber. 25, 1624; Happeport, Ber. 34, 1989); 

C 6 H 5 C - NIB ()(C 0 CUT 3 ). GeH:,C-N-=-CCH3 

II -f NIIAJ(CcH5):NH . .^ 11 I 

NH N—C(CeIl 5 )=-N 

Carbonyl chloride reacts like tla^ acid anhydrides, forming ,<?-triazinols (Pinner, 
Ber. 25, 1424). 

Derivatives of hexahydro-.s-triazine are foniKul by the acdion of mineral acids 
on 6 fs-(acctylureido)-methanes (Gcr. I\at. 479349, 1926, Frdl. XVI, 2909); 

/NH • CO • N H • CO • cm / NH • CO. 

CHjj -► CH 2 Nh 

\n H • CO • N H • CO • CHa ' Nli • CO ^ 

The ,s'-triazin( 3 s are weak, raonoacid bases; they can be decom]:)osed more or l( 3 ss 
readily into NTTa and carboxylic acids. They are important intermediates for 
various dyes (se (3 Ger. Bats. 433100, 1924, Frdl. XV, 329; 441985, 1925, Ph’dl. 
XV, 558). 

2,6-Diphenyl-4-methyl-6’“triazine, m.p. 110^^, from bcmzainidine and acetic 
anhydrides, can be oxidiz(Hl to diphenyltriazinecarboxylie acid, which jdelds on 
decarboxylation, 2, 6 -diphenyl-s-triazine, m.p. 75'' (Kraft, Koenig, Ber. 23, 
2382). 2,4,6-Triphenyl-s-triazine, cyaphenine, was first pnipared from benzoyl 
chloride and potassium cyanate (Cloez, 1859). Jt is also obtained by polymeriza¬ 
tion of benzonitrile with concentrated H 2 SO 4 , from benzonitrile, benzoyl chloride, 
and AICI 3 , and from a mixture of cyanuric chloride and bromobenzene by treat¬ 
ment with Na (proof of constitution; r/. also Diels, Liebermann, Ber. 36, 3193). 
Nascent hydrog( 5 n splits it into NH 3 and lophine, (p. 128). Tri-(trichloromethyl)- 
.^-triazine, (’ 3 (CCl 3 ) 3 N 3 , m.j). 96^, is formed by the polymerization of trichloro- 
acetonitrile. Tri-(«,tt-dichioroethyl)-«-triazine, ChfCXlb-ClOsNs, m.p. 74°, 
from propionitrile with chlorine, gives with KSH trithioacetyl-s-triazine, 
C 3 ((>S'CH 3 ) 8 N 8 (Troeger, Hornung, J.pr. 57, 357). 

2,4-Diphenyl-6-8-triazinol, m.p. 289°, from benzylideneamidine with COCl* 
(c/. Pinner, Ber. 23, 163), forms a crystalline sodium salt. With BCJb it gives 
diphenylchloro-s-triazine, m.p. 139°, which behaves like an acid chloride, e.g, 
it is readily converted by ammonia to 2,4-diphenyl-6-amino-s-triazine, m.p. 
172°. 6-Methyl-2,4-s-triazinediol, Cs(CH 3 )(OH) 2 N 3 , from acetylurethan and 
urea (Ostrogovich, Ann. 288, 318). 

Amino-s-triazine, aminohydroepanuride, C 3 pl 2 (NH 2 )N 3 , and diamino-s-tri- 
azine, diaminohydrocyanuride, G 3 H(NH 2 ) 2 N 3 , m.p. 235°, are formed from cyanu- 
ramide dic;hloride and cyanurodiamide monoehlorido by reduction. Diarnino- 
8 -triazine is identical with formoguanamine (Diels, Ber. 32, 1219; cf. Vol. I, p. 
531). Guanamines are produced by heating the guanidine salts of fatty acids 
alone or biguanide with fatty acids; 

NH 2 C -NIB NH,>C-N.r=.CH 

11 +HGOOn -> II I 

N™C(NH2)=:NH N—C(NH2)=N 

Biguanide Diamino-«-triazine, Formoguanamine 
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Piperidylamino-,s-triazine, C3(NC6Hjo)(NH2)nN8, ni.p. 194°, is similarly ob¬ 
tained from piperidylbif^uanide by boating with formic aci<l or by troatment 
with chloroform and KOIT even at 0° (Bamberger, Serbergrr, Bor. 25, 525). 

^-Triazinetriol is th(^ norimiJ cyaniiric acid (Vol. J, p. 520), trichloro-.s-triazine 
is cyanuric cldoride (Vol. T, ]). 523), triamino-s-triazine is molamine (Vol. I, p. 
530) and diamino-s-triazinol and amino-s-triazinediol iire ammeli<le and am- 
meline (Vol. 1, p. 530). 

When cyanuric chlorides is tn‘iit(‘d wilh methanol or ethanol and zinc dust, the 
product is dimethoxy- or diethoxychloro-s-triazine, (' 3 (OB) 2 niN 3 , rn.p. 81° 
and m.p. 44°, b.p. 144° (13 mm.). l)iinothoxychloro-vS-triazine is converted 
by KSH to dimethoxymercapto-s-triazole, which is hydrolyzcnl by hydrochloric 
acid to mercapto-.s-triazinediol, rnonothiocganuric acid, C 8 (OH) 2 (Sn)N 3 , m.p. 
310° (dec.) (Dieh, Lieherrnann, Ber. 36, 3191). The riiaction products of cya¬ 
nuric chlo^id(^ with many class(\s of organic compounds, have ])een patt^nh'd 
[cf, Swiss Bats. 103430; 100074-106119; 100385-9; 106394-8; 100400-2; 

106405-10 (all 1923); and Brit. Pat. 220302, 1924]. 

Isocyaniiric acid is 2,4,6(1,3,5)-s-triazinetrione. 


(B) a^-Triazines, 1,2,4-Triazines 


Only a few derivatives of the simple as-triazine ring are known. 5,6-Diphenyl- 
3-afi-triazinol, m.p. 218°, results from the condensation of benzil with somi- 
carbazide hydrochloride in glacial acetic acid (Biltz, Ann. 339, 243): 


CftHftCO HoN-CO 

I + I 

C 6 H 5 CO H 2 N—NH 


CoIhO-N - C(OH) 

I II 

C 6 H 5 C-N--N 


5,6-I)iphenyl-3-amino-as-triazine, C3(CoTT5)2(NH2)N3, m.p. 175°, is prepared 
from benzil and aminoguanidino nitrate (Thiele, Bihan, Ann. 302, 309). For 
other triazines obtained from aromatic diketones by the sann? method, see De, 
Quart.J.Indian Ohem.Soc, 4 (1927), 183. The condensation also takes pdace 
with thiosemicarbazones of «-oxo carboxylic acids, leading to the formation of 3- 
mercaptc>-5(2)-as-triaz()nes (van ALphen, Kec. 47, 673): 


HNH 

\ 

0:COH b:S 

I I 

H 3 CC NH 

\n/ 


0:C eSH 


HaC-C 

V 


I I 


n 


NH 

/ 


Several other as-triazines are obtainable from phenacylazocyanide, CeHsCX)- 
CH 2 N :NCN, whose amide, amide (hloride, and thiamide are converted by elimi¬ 
nation of water to phenylhydroxy-, phenylchloro-, and phenylmercapto-as-tri- 
azine, m.i). 234°, 123° and 200° (WoJJ)', Lindenhayn, Ber. 36, 4126): 


CflH^CO—CH 2 —N 

II 

H 2 N—CO—N 


CJBC--CH-N 

I II 

N=C(OH)N 


1 -Phenyl- and l-phenyl-4-alkyl-l,6-(iihydro-5(4)-as-triazones arc prepared 
by heating as-phenylhydrazinoacet.ic ester with forjiiamide and substituted 
formamidos (Harries, Ber. 28, 1228): 


COOR + RHNCHO 

NCCsH,)—NHj 


CO —-NR——OH 

I il 

CIl!—N(C,H.)—N 


1,4-Diphenyl-l,6-dihydro-5(4)-as-triazone, m.p. 205° is so obtained with 
formanilide; an isomeric l,4-diphenyI-4,5-dihydro-6(l)-as-triazone. 


CH2—n(c,H55~ch 
io—N(C,H6)—N 
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m.p. 174®, is formcid from phcnylglycine phenylhydrazidc, C 6 H 5 NHCH 2 CON- 
(C 6 H 6 )NH 2 , (Vol. IJI, p. 90) with anhydrous formic acid (Widmariy Ber. 26, 
2616). l,4-Diphenyl-2,3-dihydrO'-5,6(4,l)-as-triazinedione, m.p. 258°, is pre- 
[)are(l from a.s-phenylhydrazinoaccitanilide with phosgene (Rupe, Heberlein, 
Roeder, Aim. 301, 69). 6-Methyl-l,6-dihydro^,5(2,4)-a/f-triazinedione, m.p. 
214°, from a-semicarbazidopropionitrile, NH 2 CONH •NHCH(CH 3 )CN, with 
coned, hydrochloric aci(J, loses two hydrogen atoms when treated with bromine, 
forming 6-inethyl-3,5-<2S-triazinediol, m.p. 209° {Thiele^ Bailey t Ann. 303, 76). 

A larger number of derivatives of 1,2,4-benzotriazine, a-phentriazine, are 
known. They are prepared: (1) by reduction of sym, o-nitrophenylacyl- 
hydrazines: 



NO 2 COH 
I 

NH~-NH 



N=€H 

N-=N 


(S) By condensation of forrnazyl compounds by boiling with strong acids 
(Bamberger, Wheelwright, Ber. 25, 3206; Bamberger, Lorenzen, Ber. 25, 3540; 
Bamberger, Witter, Ber. 26, 2788): 


CeHfiN=Nv 

>cco(:^H3 

CellfiNH— 


/N=N 

C«H 4 < I (+ C6H3NH2) 

\n=-(!)coch3 


The 1,2,4-benzotriazines are yellow, crystalline substances with an alkaloid¬ 
like odor. They are slightly basic. 

1,2,4-Benzotriazine, C 6 n 4 (CN 3 H), m.p. 75°, b.p. 235-240°, is obtained from 
o-nitrophenylformylhydrazine by reduction, or from forrnazyl carboxylic acid 
ester by elimination of aniline and CO 2 . 3-Methyl-1,2,4-benzotriazine, C 6 H 4 - 
[CN 8 (CH 8 )], m.p. 89°, b.p. 250-255°, from o-nitrophenylacetylhydrazine. 
3-Acetyl-l,2,4-benzotriazine, C«H 4 (CN 8 (COCH 3 )], m.p. 114°, from forrnazyl 
methyl ketone. 3-Aminophenanthro[9,10] -os-triazine; 


C 3 H 4 —C==N—N 

(!::,H 4 —(!:==n— dW, 

m.p. 262°, and 3-phenanthro[9,10]-as-triazinol, m.p. 285° (dec.), from phen- 
anthrenequinone with aminoguanidine nitrate and semicarbazide hydrochloride 
(Thiele, Bihan, Ann. 302, 310; Schmidt, Schairer, GLatz, Ber. 44, 276). 

The products of the reaction of aldehydes with o-aminoazo compounds, which 
were first thought to be 2-phenyldihydro-l,2,4-bonzotriazines, have been identi¬ 
fied as N-phenylaminobenzimidazoles (Fischer, J.pr. 104, 102 ; 107, 16). 


(C) p-Triazines 

3,4-Dihydro-l ,2,3-benzotriazines: 

8 

I 

NH3 



which may be considered ring-homologues of benzotriazole (p. 151), are prepared 
from o-aminobenzylamines and o-aminobenzamides with nitric acid, just as the 
dihydroquinazolines are obtained with carboxylic acids (p. 293): 




NH 2 

CHr-NHC^H* 


NO*H 


CeH 


1 

< 


■N=N 




NH, 

CO—NH, 


NO«H 




N==N 

CO— 



OXADIAZINES 


321 


3-Phenyl-3,4-(iihydro-l,2,3-benzotriazine, CeH 5 [CH 2 N 3 (C 6 H 6 )], m.p. 128° 
(dec.) (Busch j Ber. 25, 445). 3“Benzyl-3,4-dihydro-l,2,3-benzotriazine, C 6 H 4 - 
[CH 2 N 3 (C 7 H 7 )], m.p. 91° (Busch, J.pr. 51, 257). l,2,3-Benzotriaz-4(3)-one, 
benzazimide, C 6 H 4 (C 0 N 3 H), m.p. 212 ° (dec.), from o-aminobenzamide with 
nitrous acid, is also obtained from 3-aminoindazole by oxidation with hydrogen 
peroxide in acid solution (c/. p. 116); its oxime is produced by the action of N 2 O 8 
on o-aminobenzylideneaminoxime (Busch, Ber. 25, 445; Zacharias, J.pr. 43, 446; 
Finger, Ber. 37, 432; J.pr. 48, 92; Kratz, J.pr. 53, 210 ; Pinnow, Sdrnann, Ber. 
29, 626). l,2,3-Benzotriazine-4(3)-thione, C 6 H 4 (CSNsH), m.p. 187°, from 0 - 
aminothiobenzamide with nitrous acid (Reissert, Grube, Ber. 42, 3719). 3- 

Phenyl-l,2,3-benzotriaz-4(3)-one, C«H 4 (CON 3 CftH 6 ), m.p. 151°, from o-amino- 
benzanilide with N 2 O 8 (Konig, Reissert, Ber. 32, 784), is also formed when diazo- 
aminobenzene-o-carboxylic acid ester is digested with alcohol (Mehner, J.pr. 64, 
70). 


2. OXADIAZINES 


Oxadiazincs contain one oxygen atom and two nitrogen atoms in 
their ring. Only a few are known, and most of these have been pre¬ 
pared by reactions similar to those producing the corresponding 
five-membered rings, the oxadiazoles. 

Derivatives of the following isomeric oxadiazincs have been reported: 


H [4] 

/N\ 

IB] HO CH 13] 

Jl II 

16] HC N (2] 

\o/ 

[ 1 ] 

1,4,2-Oxadiaaine 


H 


H 2 

/^\ 

HC N 

/^\ 

N CH 

Hc/^CH 

II II 

II II 

li II 

HC CH 

HC N 

N N 



\o/ 

1,4,3-Oxadiazine 

1,2,5,4-Oxadiasine 

1,2,6,4-Oxadiaziae 


(a) 1,4,2-OXADIAZINES. As the five-membered 1,2,4-oxadiazoles are 
prepared from amidoximes with carboxylic acid chlorides, so their six-membered 
ring-homologues are formed from amidoximes with a-chloro-aliphatic acids 
(Koch, Ber. 22, 3161; Werner, Sonnenfeld, Ber. 27, 3353; Werner, Bial, Ber. 28, 
1374; TTemer, Fa/cA:, Ber.29,2656; ITo//, Ber. 31,2110): 


CoHfiC—NH2 

Iron 


+ 


HOCO 

cnina 


CtHsC—NH—CO 
N—O— 


Benzo derivatives of this ring are obtained from dinitrophenol ethers of ami¬ 
doximes with alkali, one nitro group being eliminated (11^ erner, Herberger, Ber. 32, 
2686): 




O-N 

NO 2 HsN/ 


CCJIs 


KOH 

—W 


yO -N 

N02C6H3< [I (+ NO 2 K) 

\NH--CC3H6 


(b) Derivatives of 1,4,3-OXADIAZINB are produced by the action of chloro- 
acetic acid chloride or its alkyl or aryl homologues on monoacylhydrazines 
(van Aljphen, Rec. 47, 909; 48, 163, 417): 


H 2 N. 

0:CC1 ^NH 

iH2Ci’^ io- 


R 


.NH. 

0:0/ 



•R 


This method gives l,4,3-oxadia2in-5(6)-ones; with oxalyl chloride, 6,6-diones 
are obtained (van Alphen, Rec. 47,673). 
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(c) The 1,2,5,4-OXADIAZINES, which are also ring-hornolof^iies of the 
oxadiazoles, arc prepar(‘d by condensation of isonitroso ketones with aldoxiines 
(Dielst Sasse^ Ber. 40, 4052): 

OC • CHa N—C(OH} (CHa)—0 • CHs 

CH3.CH:N0H + I -> II II 

HON: C • CHa CHa • O-O-N 

3,4,C-Trimethyl-1,‘^,5,4- 

oxadiazinol-4 


(d) The six-membered 1,2,6,4-OXADIAZINES correspond to the five- 
mem bored 1,2,5-oxadiazolos or furazans (p. 160). Reduction of Q:, 7 -diisonitroso- 
^-oxogliitaric acid (ister peroxide gives 4-hydroxy-1,2,6-oxa(iia2ine-3,5-dicar- 
boxylic acid ester: 


R02C*0~(:0--C\. COJi 




i\ 


0 


RO 2 C • C- -C(OH) =C • CO 2 R 


N-O— NH 


From this product a series of other oxadiazinc derivatives have been obtained 
{Henryf Pechmann, Ber. 26, 999). 


3. Thiadiazines 

(a) 4-Phenyl-5,6-dihydro-l,4,3-thiadiazine-2(4)-thione, ni.p. 94°, is ob¬ 
tained by the condensation of phenylthiocarbazic acid with 1,2-dibromoethane 
{Busch, Ber. 27, 2516): 


SO-SH BrCIIo SC-»S-CH 2 

I + I -» I I 

UN—NH(yi5 BrClIj HN—N (Cells)—CHj 

A similar reaction produces 2-imino-2,4-diliydro-l,4,3-thiadiazines from a- 
bromoacetophenone and thiosemicarbazide or a 4-alkyl derivative of it [Bose, 
Ray-Chaudhury, Quart. J. Indian Chem. Soc. 4 (1927), 257; cf. Bose, ibid. 3 
(192G), 148]: 

UN: C' SH Br * CH. IIN: C- S—CH 

I + j -> 1 II 

HN—NHj OC-C,He HN-NH-C-C,He 


These thiadiazines art^ very weak basOvS, They form no acyl derivatives, and 
cannot be desulfurat(‘d. 

2-Amino-4-phenyl-l ,4,3-thiazm-5(6) -one: 


0(^—CH2~S 

I I 

CflHsN-N=C (NIT 2 ) 


m.p. 176°, is obtained by condensatioh of thiocyanoacetic acid with phenyl- 
hydrazine {Harries, Klamt, Ber, 33, 1154). 

(b) The products of the reaction of formaldehyde with primary aromatic 
amines in the presence of H 2 S are derivatives of 1,3,5,2-thiadiazine [Levi, Atti 
acad.Lincei [6] 9 (1929), 790]: 


CftIRN 


CH 2 


-f- 

CH 2 O 

IlaS 


N-ejIs 

k 


in, 


Thialdines (Vol. I, p. 247), produced by the action of ammonia on trithio- 
aldehydes, are derivatives of 1,3,5-dithiazine. 
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IV. SIX-MEMBERED RINGS WITH FOUR 
HETERO ATOMS 


TETRAZINES 

Of the three possible isomeric tetrazines: 

HC—N-=N HC--N—N 

(A) i I (B) I II 

HO—N--N N-=N-~CH 

t;-Teirazinc ,s-Tetrazine 

1,2,3,4-T etrazino t, 2 ,4, S-Tclrazinc 

derivatives of only the first two are known. 


(C) 


HC==--N—CH 

I II 

N---N—N 


1,2,3,5-Tetrazino 


(A) 2,3-DIHYDRO-i;-TETRAZINES, osotetrazines, are prepared by oxida¬ 
tion of osazones: 


C 6 H 5 • NH • CeHr, • C-“N-~N • CVJTj 

I -> I I 

C 0 H 5 • ("--N -N 11 • Cd Tft (: JI 5 • C-N—N ■ C 6 H 5 

Chloroglyoxal osazone and its tioinologu(\s arc converted by treatment with 
alkali into diphenyl- 2 , 3 -dihydr(>-v-tetrazines, HCl being eliminated {Dieck- 
niann, Platz, Ber. 38, 2986): 

HC-=N—N IICfJTr, _ HCl CH-=N—N • Cdh 

Cl(*;r=N—NHCells ^ CH=N—N-CtH:, 


When heated alone or with mineral acids, the 2 ,3-dihydro-t^-tetrazines re- 
arran^ to 2,1,3-triazoles (p. 147) {Stolid., Ber. 59, 1742): 


CIT^N-N-CoHfi HCl 

i I - 

OH—N—N. C.IU 



N—CeH 


5 


CHa—C=N-N—C0C^6H5 ir,o- CHa—C—N^N(C0C«H6)2 

I i -> II >N 

CHa—(J--N -N-COCJIf, CHa— 


5,6-Diphenyl-2,3-dihydro-i;-tetrazine, glyoxalosotetrazine, dark red flakes, 
m.p. 152°. 5,0-Dimethyl-2,3-diphenyl-2,3-dihydro-z;-tetrazine, m.p. 169°, 
bordeaux-red needles, 5 , 1 ) - Dimethyl-2,3-dibenzoyl - 2,3 - dihydro -v- tetrazine, 

colorless needles, m.p. 140 °. 

1-Methyl-1,2-dihydrobenzotetrazine, m.p. 62°, is obtained from o-amino- 
phenylmethylhydrazine with nitrous acid {Hempd, J.pr. 41, 176): 


/NH, 

C«H4< -h N02n 

^NCCHa)—NH 2 



N====:N 

I 

NCCHa)-NH 


This compound corresponds to 1,2,3-benzotriazine, while the 2 -aryl-2,3-di hydro- 
beiizotetrazines are analogous to the 1,2,4-benzotriazines. Tlu^y are prepared 
by reduction of the diazouium salts from o-amim)azo compounds (Zinclcc, Lawsen, 
Ber. 19, 1457; Zincke, Jaenke, Ber. 21, 543): 




N 2 CI 


vN-^NCtHt 

Aaotoluene-2-diaaionium chloride 


/N—NH 

—> CrlU<i I 

^N—NCjHr 
2-Toly 1-7-me th y 1-2,3- 
dihydrobenzotetrazine, m.p. 168®. 
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(B) 8-TETRAZINES are formod by oxidation of their dihydro derivatives, 
and arc characterized by their deep red color. 


«-Tetrazine, \,2,A,b-tetrazinet CH 



C.'H, purple-red prisms, rn.p. 99°, 


8ublimabl(% is prepd. by heating its dicarboxylic acid (see below). Hydrogen 
sulfide reduces it, will) loss of color, to dihydrotelrazine, from which it is easily 
reg(;n(!rated by oxiciation (Curtins, Darapsky, Muller, Ber. 40, 84). 

3,6-Dimethyl-«-tetrazine, rn.p. 74°, blue-red, from acetonitrile and anhydrous 
hydraziiu', over its diliydro derivativ(^ (see b(4ow; Curtins, Darapsky, Muller^ 
Ber. 48, 1633). 3,6-Diphenyl-s-tetrazine, red flakes, rn.p. 192°, by oxidation 

of 3,6-diphenyl-l ,2-dihydro-s-tetrazine (p. 325) (Pinner, Ber. 27, 984; Pinner, 
Caro, Bor. 27, 3273; Muller, Herrdegen, J.pr. 102, 113). Di-p-tolyltetrazine, 
rn.p. 232° (loe. rit.); di-2-naphthyltetrazine, rn.p. 249° (/or. cit). 

s-Tetrazine-3,6-dicarboxylic acid, (;armine-red flakes, is prepared by thf^ oxida¬ 
tion of /)?',s-diazoacetic acid and psr?/rio-diazoacet.ic acid or thrar amides with ni¬ 
trous acid or bromine. When warmed with water, it decomposes into N 2 and 
glyoxylhydrazino-oxalic acid, CChH-CHrN-NH •C0'C102H (Curiius, Darapsky, 
Mailer, Ber. 40, 1176). 

DlHYDRO-ff-TETRAZINES. Tlu^rc are four possible isomers: 


(I) 

CH 2 —N--N 

I I 

N=—rN—CTH 


(IT) 

— N 

I I 

NH—NH-CH 


(HI) 

(U-NH- N 

II II 

N-NH—CH 


(IV) 

I I 

N1T~~N--CH 


These wt^re formerly called C-dihydrotetrazine, N,v-dihydr()tetrazine, N,.s-di- 
hydrotetraziiu'- and C,N-dihydrotelrazine; they are now known as 3,6-, 1,2-, 
2,5-, and 1,6-dihydro-,s-tetrazine. 

The 1,2-dihydrotetrazines are readily oxidized to the corresponding tetrazines, 
from which tlu'y can be obtained by rciduction. Wlum heated with coiuumt.raterl 
acids, they are converted to 4-ami!io-4,l,2-triazoIes (p). 156), wJiich are then 
partially hydrolyzed to 1,3,4-oxadiazoles (see p. 163): 


N=:CH—NH 

I I 

N=CH—NH 



1.2- Dihydro-,s-tetrazines an* hy<Irolyzed by warm water or warm dilul-t* acids; 
the two nitrogens linked by a singl<* bond are converted to hydrazine, while the 
two joined by a iloubh* bond are split olT as free nitrog(‘n (Vol. 1, p. 458; Muller, 
Herrdegen, J.pr. 102, 123): 

N-N, lUN-NFU 

HOjC-C<f >C C02H-> HOjC-COjII HO 2 C CO 2 H 

\nHNH/ HjN—NHj 

1.2- Dihydro-«-tetrazinf>-3,6-<Iicar- 
boxylic acid — /^t«-dia*c)acetic acid 


.N-NHv H2N—NHz 

H02C C<f >CH C02H -> HOjC CnO OHC CO 2 H 

\N—:N/ N 2 

1,6-Dihydro-*-tetrazine-3,6-dicar- 
boxylio acid « Pseudo-diazoacetio 
acid 

N-Nv 

l»2-Di]iydro-s-tetrazine, CH<f^ yCH, bright yellow prisms, rn.p. 

\NHNTK 

126®, is obtained bv reduction of ,s-tetrazine with hydrogen sulfide. When fused, 
it- rearranges to 4-amino-4,l ,2-triazole (see above). It is decomposed by mineral 
acids into hydrazin • and formic acid (Curtins, Darapsky, Muller, Ber. 40, 821). 

A general meth »d for the preparation of dihydro-s-tetrazines is the reaction of 
hydrazines with nitriles: 
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CeHs-C^ 


N, 




HjN-NHj 


^NH HN 

CeH.-C CC.H, 


.N- 


-N.V 


-+ CeHi-C (;CtHi 


''Nil Nil/ 


However, in many (^ases aminotriazoles are formed {Hinsherg, Ber. 48, 1014; 
Muiler, lUrrdegeriy J.pr. 102, 113). 

The jjolyimuizalion products of diazoacetic ester an' th<^ intermediate's for the 
formation of the simpler ,s*-tetrazin(^ and dihydro-8-tetraziiie derivative's {CurtiuSf 
Darapskijt Muller, Beu*. 41, 3101; Ve)l. 1, p. 458). Whem diazeme'etic esteir is 
treated with cold (;one*,entrateal alkali, the iireidued, is the tTijiotassium salt of 1,0- 
dihydro-s-tetra2ine-3,0-dicarboxylic acid, pseudo-diazoacelic acid (I), from 

yN-NK\ /N-Nv 

(I) KOaC-C/ /CH-COaK HO^CC/ V;C02H (11) 

\N=--N/ \NH-NH/ 


which the free aciel has not yet been eibtaineel. Whem heated with con- 
eaaitrated alkali the latter compemiid rearrange^s to 1,2-dihydrotetrazinedi- 
carboxylic acid; his-diazoaceMc acid (II), which is also formed dire^ctly by the 
action of warm concentrated alkali on diazoacetic ester. Prolonged iieating with 
concentrateel aqueous KOH solutions cemverts l,6-eiihydrO“8-tetrazine-3,6-di- 
carboxylic acid to a mixtures of ]^-ammolriazoleALicaTboxylic acid and C-amino- 
iriazolemonocarboxylic acid (p. 157). l,2-I)ihydre>-8-te)l.razine-3,G-dicarbe3xylic 
acid deeumiposes on fusion into CO 2 and dihydfeitetrazine; the latter re-arranges 
immediately into N-aminotriazole. 

C6n5C==N-N 

l,2-Dihydro-3,6-diphenyI-8-tetrazine, | || , m.p. 191 °, yellow 

NHNHCCeHs 

needles, is obtained by the; action of excess hydrazine on benzimidic acid ester e)r 
be-nzonitrile {Muller, Herrdegen, J.pr. 102, 113). It is cemverted to diphe-nyl- 
tetrazine (p. 324) by mild oxidizing ageuits, even by the oxygen of the air; the 
reverse reactiem is effe;cted by reduction with zinc dust ami glacial ae;e;tie* ae;iel. 
When digested with hydrochloric ae;ieJ, the; diphenyldihyeirote;trazine givers both 
dipheuyl-l,^,A-oxadiazole (p. 164) ami 4:-(iviinodipheriyl-A:,i,2-triazole (p. 156). 
For otlmr 3,6-diaryl-l,2-diiiy(iro-s-tetrazines, se;o Muller, Herrdegeu, J.pr. 102, 
140#. 

l,3,4,6-Tetraphenyl-l,4-dihydro-s-tetrazine, yellow needles, m.p. 204°, is 
pre;pared fremi j)henylnitroformaldehyde hydrazone (the coupling proeiuct of 
phenylnitromethane with benzene-diazemium chloride) with sodium methylate, 
or from benzaldehyele phenylhydrazone or dehydrobenzylieienephenylhydrazone 
with sodium alcoholate; and iodine {Bainberger, Urob, Bor. 34, 523). 

l,2,4,5-Tetraphenylhexahydro-8-tetrazine, ((' 6 H 6 ) 2 N 2 (CH 2 ) 2 N 2 (C 6 H 6 ) 2 , m.p. 
200°, from hydrazeibenzene and formaldehyde {Bischoff, Be-r. 31, 3250; Rassow, 
Riilke, J.pr. 65, 97). 

A derivative of hexahydro-s-tetrazine is formed fremi phemyldibenzylcarbo- 
hydrazidecarboxylic acid ester with alcediolic KOH (Busch, Ber. 34, 2311): 

N(C6H5)—NH—COOR N(CeH6)—Nil—CO 

io—N(c,H,)— nh(c;,h,) io— n(c;,H7)—n(c,H7) 


Pentazines, compounds containing five nitrogen atoms and one carbon atom 
in their ring, are not known {cf. SiollS, J.pr. 114,348). 
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E. COMPOUNDS WITH HETEROCYCLIC 
RINGS OF MORE THAN SIX MEMBERS 


As in carboeyclic (Compounds, liotorocyc^lic* compounds witli more 
than six members in tlieir rinj 2 :s are relatively scarce {cf. p. 4). How¬ 
ever, due to the multiplicity of reaction conditions which produce 
heterocyclic rinp;s, it has been possible to prepare such rings with 
seven, eight, and more members. A systciinatic treatment of these 
substances, whose (chemical behavior has not been fully investigated, 
is impractical. Ther(‘fore a summary of the compounds is given here. 
Note tlie occurrence of systems in which a benzene ring is (condensed 
with a hetero-ring in the mcto-position. 


I. SEVEN-MEMBERED HETEROCYCLIC RINGS 


(The systematic names (loriv(M.i from th(i rules in “The Ring Index'^ are given in 

parentheses.) 


Cn,>- CHa- 

ina-CHs-CHa/ 


NH 


(H exahy droazepine) 
Hcxamcthylenimiiie (v. Braun, 
Sieindorff, Bcr. 38, 3091) 


C«IL-~CO 

C*Hj~CO 


> 


C'6TT4-~(X\ 

I >NH 

(J.H4—CO/ 


(5,7-Dihydrodibenz (c.e loxepin- and 
azopine-5,7-aione) 

Diphenic acid anhydride and imide 
(Vol. Ill, p. 506) 


Clh-Chh—CB 

^'.ih—au—co 



(nexahydroazepinone-2) 
e-Ciiprolactam (Vol. I, p. 451) 


CH2~(Vil4\ 

I >NH 

CH 2 —C.H/ 

(10,11-1 lihy dro-5-dibenz [h,/] azepimO 
Iminodibenzyl {Thide, Holzinger, 
Ann. 305, 100) 


CH 2 NHCH 
iHjNHCH 

(Hoxahydro-R-l-diazcipine) (2,3,4,5-Tetrahydro-l,5-benzodiazepine) 

Ethylenetrimethylenediamine {HoW’ o-Phenylenetrimothylenediamine 
ard, Marckwaid, Ber. 32, 2041) {Hinsberg, Strupler, Ann. 287, 220) 


> 


CIR 


/NH-CIIzv 
CoH4< >CIT2 


/NH-C(CH3). 

c^H4< Scb 

\N=::C(CH3)/ 

(2,4-Dimethyl-l,5-b()nzodiazepine) 
(Thiele, Sieimmig, Ber. 40, 955) 



(1,5-Benzodiazepi ne-2,4 (3,5) -d ione) 
o-Phenylencmalonimide (Meyer, 
Maier, Ann. 327, 26) 


CIL-CHa-N. 


i 


"XcCHs 

:H2-ch,-nh/ 


(2-Me tliy 1-4,5,6,7-te trahy dro-1,3- 
diazepine) 

Ethenyltetramethylenamidine (Haga, 
Majima, Ber. 36, 338) 


HN- 


<: 


CHa- 


-CIJ 2 . 

>NH 




H om opi perazi ne 
(Hexahydro-l,4-diazepine) 
(r. Braun, Goll, Ber. 60. 339) 
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Cell/ >C(CH;02 

^CHaS^ 

(3, y-Dimethyl-1,5-ciihy dro-2,4,3- 
benzodithiepiri) 

Acetone o-xylylenemercap(al 
{Autenrieih, Hennings, Ber. 34, 1773) 

CH 2 -CILv 

c^hZ >cx) 

^N(C2lT5)-NH/ 

(1-E thy 1-4,5-dihydro-1,2-benzo- 
diazepin-3 (2) -onti) 
N-Ethylhydrocarbostvril {Fischer, 
Ann. 301, 282) 


/NTI- 


-(XX 


< i\ 11 -V '.yv 

>N11 

co-N(C6ir5)/ 

(4-Phenyl-l,3,4-benzotriazepiHc- 

2,5(3,4)-dione) 

(^arbonyl-o-airiinobeiizoylphenyl- 
hydrazine {Rupe, Roesler, Ann. 301, 
93) 


/V..n2* 

CoH/ 

Nno— 


CH2-0(CfiH5): 


\n 


CO—o 

(4-Phony 1-2,3-benzo.xazcpin-1(5)-one) 
Desoxybcnzoin-o-carboxylic acid 
lactazone {Gabriel, B()r. is, 2449) 

C;H2-~N(C(,TT5)—NH\ 

(bHs—N(C6H5)~NIK 
(1,5-Dipho ny 1-1,5,6,7-te trahy d r( )- 
2,1,4,5-te trazepin-3 (4) -one) 
Carbonylothylenediphenylhydrazine 
{Uischrnann, Ann. 310, 159) 


C 6 H 4 NIL 

I >co 

CslLNIK 

(Dibenzo [d,/] [1,3 l-diazepin-6(7)-one) 
(Jarbony l-o, o'-diaininodiphenyl 
(r;. Niemeritowski, Ber, 34, 3330) 

/NH-COv 

CgHZ >NH 

Nm2*N(c-ftH5)-^ 
(4-Phcnyl-4,5-dihydro-l,3,4- 
benzotriazcpin-2(3)-one) 
Carbony 1-o-amin 0 ben zylpl 1 eny 1 hy d ra- 
ziiie {Busch, Ber. 27, 2897) 

/C^IL-CXCHa). 

\n 

■ \(X)—N(CJ-l6)/ 
(2-Phenyl-4-ni(dhy 1-2,3,5-ben zo- 
diazepin-l (2)-one) 

M(dh 3 d benzyl ketone-o-carboxylic 
a(ud phen 3 dlactazain {Gottlieb, Ber. 
32, 9(K)) 

N-CoILx 

II >H. 

N—CsH/ 

(11 -Dibe-nzo [r,/] [1,2 Jdiazepino) 
Azodi])henylmethane {Freundler, 
C.r. 136, 1136) 

(dTa—N(C9H6)—NH\ 

I >CO 

CO -N(CJT5)™N1K 
(1,5-I)iph(aiy 1-1,7-di hydro-2,1,4,5- 
tetrazepirie-3,6(4,5)-dione) 
Carbonylphenylhydrazidoac6)tphenyl- 
liydrazido {Kneuppel, Ann. 310, 87). 
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CHj-OHa-CHa-CO 

I I 

Cirj-CllaCIIa-NJI 
(Oct ally dro-2-az<)el none) 
Isosuberonoxiiiie (Vol. 1, p. 502) 


C6H4-NHCO 

I I 

NIICOCH2CIT2 


(3,4-Dihydro-l,6-benzodiazocine- 

2,5(l,6)-dione) 

o-Phenylenesuccinamide {Meyer, 
Maicr, Ann. 327, 21) 


/NII-COv 

C6H4< >C6H4 

\CO -NIK 


(Phenhomazine-6,12(5,ll)-dione) 

Dianthranilide 


CILCHa-NlI-CIL 

I I 

CHs-NH-CHrOIIs 
(Oc tahy dro-1,5-d iazocine) 
Bistriinetliyleiiediainine {Howard, 
Marckwaid, Ber. 32, 2038) 

CAaLNlICO 

NH • CO - 

(Dibeuzo[b,/] [1,4 J-diazocino- 
6,ll(5,12)-diono) 
o-Phenylenephthalamide {Meyer, 
Maier, Ann. 327, 41) 

A)- CO. 

C6H4< >C6ll4 

\CO—0/ 

(Dibenzo[6,/][ l,5]dioxocin-6,12-dione) 
Disalicylide 
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C,H4—N=CC.H. 
i.H 4 —N=i:c.H, 

(6,7-Dipbonyl(libonzo [e,g ] [1,4 ]- 
diazocino) 

Dipbonyldiphoiioquinoxaline 
Tduher, Ber. 26, 1704) 


.CHj-CHj. 

CMi NH 

{v. Braun^ Karpf, v. Garn, Bcr. 53, 
98) 


III. HETEROCYCLIC RINGS WITH MORE THAN 
EIGHT MEMBERS 




CO Nil 
CONH 


(l,2-Diazacyclododccane-'3,12-dioiic) 
syrn-Siib&cic acid bvdrazido (Vol. I, 
p. 503) 


.CO. 

(CHOK >NCJl4NH2 

^co/ 


(l-o-Anilinoazacyclobonde^cane- 2 , 11 - 

dionc) 

Sebacic acid o-aniinoanil {Meyer, Ann. 
327, 13) 



Sebacic acid o-pbenylcnodiamide 
{Meyer, Ann. 327, 13) 


yCIIrNllCilaCllrv 
Cell/ >CH2 

o-Xylylenepontametbylcnodiamine 
(Scholtz, Ber. 31, 1700) 


.CH 2 • CH 2 • NH • CH 2 • CH2\ 

CT 2 CH 2 

'^CHj • CII 2 • NH • CHj • CB/' 

{1 ,7-Di azacy cl ododecane) 
Bispiperidiiie 

{v, Braun, Blessing, Zohel, B(;r. 57, 185) 

.CH 2 • S • C(CH3)2 • S • CH2\ 

UH4[1,3] [1.3)0,H4 

\cHj • S • C (CH,)2 • S • CH,/ 

{Autenrieih, Beuttel, Ber. 42, 4357) 


.N—NHC 6 H 4 
R02C-C<f I 

\N-=N—C 6 H 4 

Cycloformazylcarboxylic acid ester 


/S-CH2.CeH4-CH2S. 

C6H4[1,3] [],3R),H4 

^'S-CH2C,H4-CH2-S/ 

{Rcindel, Schuberth, Ber. 57, 370) 


F. PLANT ALKALOIDS* 


Certain compounds occuring in the juices of plants have long ex¬ 
cited the curiosity of men, partly because of their curative action, but 
more especially because of their pronounced poisonous effect. Their 
isolation from the various parts of plants was therefore undertaken 
quite early in the development of organic chemistry. The first ad¬ 
vance in this direction was the isolation of morphine (1806) from opium 
by the apothecary Friedrich Wilhelm Sertilrncr, Closer investigation 


* Winterstein^Trier, Die Alkaloide (Borntraeger, Berlin, 1927). T, A. Henry, 
The Plant Alkaloids (Blakiston, Philadt4phia, 1939). R. WoWenstein, Die 
Pflanzenalkaloide (Springer, Berlin, 1922). J, Schwyzer, Die Fahrikation dor 
Alkaloide (Springer, Berlin, 1927). 
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disclosed that morphine was an alkaline substance, and that t-he 
basicity was due to the nitrop:en content of the molecule, results that 
were startling at the time. These first important chemical facts to 
be known caused IP. Meismer (1818) to name tJie basic compounds 
isolated from ])lants alkaloids, that is, substaiK^es n^sembling alkalis. 
The original concept, of the term alkaloid was broadened by subse¬ 
quent investigations to include other curative or very poisonous com¬ 
pounds containing nitrogen whicli had been isolated from plants, but 
which did not possess basic properties. The dis(;overy of morphine 
prompted the investigation of other saps and led to the isolation of a 
large number of alkaloids. The fallowing table gives the date of dis¬ 
covery of the most important of these: 

1806 Morpliine (Scrturner) 

1817 Narcotine (Robiquet) 

1818 Strychnine {Pelletier^ Caveritou) 

1819 Brucine {Pelletier^ Caveniou) 

1819 riperine (Oerstedt) 

1820 Quinine (Pelletiery Caveniou) 

1820 Cinchonine (Pelletierj Caveniou) 

1826 Berberine (Chevalliery Pelletan) 

1827 Coniine (Giesecke) 

1828 Nicotine (Posseliy Reimann) 

1831 Atropine (Mein) 

1832 Codeine (Robiquet) 

1833 Ck)lchicine (Geigery Hesse) 

1848 Papaverine (M erck) 

1860 C'ocaine (Niemann) 

1875 Pilocarpine (Hardy) 

1921 Lobeline (Wieland) 


From llio fon^goiiig list it is obvious that the original ck'finit.iou of “alkaloid” 
soon h(H^a,me too narrow; today it is inqxjssiblo to formuIaU^ a simph! dolinition 
bi’oad cjiough to irndudf all tlu; compounds now cjlassod as alkaloids. 


Many vegc^table compounds containing nitrogen are treated in other 
parts of this series: calTeine, theobromine (Vol. I, pp. 643, 644), 
hordenine, eph(»drine (Vol. Ill, pp. 337, 401), stachydrine, and many 
other pyrrolidine compounds (p. 49), This section will cover the 
important plant alkaloids of complicated structure based on the 
heterocyclic ring-systems described in this volume. 

Many alkaloids have not only their nitrogen content in common, 
but also certain precipitation reactions. Many are precipitated by 
tannic acid, phosphotungstic acid, or phosphomolybdic acid, many 
form sparingly soluble double salts with platinum chloride or mercury 
potassium iodidfe. In a number of cases color reactions with chlorine 
water, concentrated nitric acid or concentrated sulfuric acid serve to 
identify alkaloids. 

The alkaloids occur almost exclusively in plants of the dicotyledon 
family. A few, such as colchicine, have been isolated from mono¬ 
cotyledons. They often occur in plant saps conibined with malic 
acid, citric acid, aconitic acid, tannic acid, or the like. 
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Tlic alkaloids include derivatives of very varied tyi)es of com- 
jxninds. Sonu' are true bases (secondary and tertiary amines and 
ammonium compounds), whiles in others the nit.rop:en performs no 
basic function (acid amides). There are members of a ^reat variety 
of ring-systems among tliein; the most common an^ pjn-idine, quino¬ 
line, and isocpiinoline, })ut (lerivatives of imidazole and pyrrolidine 
also occur frequently. In some, the ring-system is a combination of 
two heterocyclic rings: piperidine and pyrrolidine in tlie tropane 
alkaloids, two jhperidine rings in alkaloids of the pomegranate root 
bark, pyridiiie with indole in harmaline and harmine, isolated from 
Peganum harmala (p. 378). 

Usually several chemically related alkaloids occur in the same plant 


sap. 

Cocaine is a( 

^cornpanied by hygrine 

!, whose structure is 

similar 

H.( 

y - cm- ~ 

~ CIT -COOCIL 

ILC— 

1 

—cm 

CHa 


I j 

N-CfL 

j 

OH-OCO-C,TU 

1 


j 

NCHa 

! 

ho 

hJ 

j 

:: CH 

1 

- CU2 

III- 

1 

- cm 

1 

-CIL 


('ocaiiu; Hygrine 


The alkaloids associated with morphine in opium, however, are de¬ 
rived from 1-benzylisoquinoline: 



CILCeTIf, 

This structural relationship among the alkaloids of the same plant 
indicates that the plant synthesizes them from the same or very 
similar starting materials according to a single principle. As starting 
materials the plants can use cleavage products of proteins, carbo¬ 
hydrates, and their decomposition products (Ue- and Cs-chains), and 
perhaps also formaldehyde. For investigations of the reaction mecha¬ 
nism of the synthesis of alkaloids by plants, see Pictet^ Spengler^ Ber. 
44, 2032; Emde, N. 1929, 699. 

A number of alkaloids have been synthesized in the laboratory, 
Ladenhurg (1886) prepared the relatively simple coniine and separated 
it into its optically active components with tartaric acid. This first 
synthesis was followed by others of more complicated alkaloids: nico¬ 
tine (Pictet) j tropane alkaloids (Willstdttcr) ^ and many members of the 
isoquinoline series (Spdtft and others). 

It is very difficult to make an adequate systematic division of the 
alkaloids. A truly adeciuate system will be possible only when the 
biogenic syntliesis of alkaloids is understood sufficiently to permit the 
separation of these compounds into families according to their natural 
genetic relationship. The beginnings of such a system have already 
been made (see above). The classification used here is necessarily 
based on purely external evidence of the constitution of the alkaloids, 
such as the ring-systems occurring in their decomposition products, 
and therefore is far from ideal. 
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I. ALKALOIDS OF THE PYRROLIDINE GROUP 


This group includes several alkaloids which have Ix'cn found together with 
cocaine: 

Hygrine, CsHiaN, b.p. 92-94° (20 mni.), [^Jd -l.d°; picrate, m.p. 158°. 

Hygrino forms a crystalline oxime (m.p. 116°) {Liehermann, Kiihling, Bor. 2(3, 
851) and is oxidized by chromic acid to hygrinic acid, l-inethylpyrrolidine-2- 
carboxylic acid (p. 49; Liebermanii, Cyhulski, Ber. 28, 582; Willsidlter, EtUin- 
gcr, Ann. 326, 123), which gives 1-methylpyrrolidine when decarboxylated. 
These facts, together with the ketone proptalies and empiric formula of hygrine, 
point to this structure: 


H2C-CH 

I I 

U2C CIT 


2 

•CIT> CO tdds 


ill 


(Hygrine = l-Melhyl-2-acetonylpyrrolicline) 


This formula has been verified by the synthesis of (i/-hygrine {Hess, Biu'. 46, 3113, 
41(J4). 

Cuskhygrine, Ci 3 n 240 N 2 , b.p. 185° (32 mm.), optically inactive^, occurs in 
CUZCO leaves. This alkaloid is also a ketone (oxime, m.p. 54°), and both of its 
nitrogen atoms are tertiary. It oxidizes t,o hygrinic acid. Its structuni is givim 
by the following formula {HesSf Fink, Ber. 53, 781; Hens, Ansebn, Ber. 54, 
2310): 


CHs 

i 

HjC-CIL CO CH2-—CH2 

Jill i 

ILC CH—CII—CII CIL 

V V 

in, in. 


(Cuskhygrine «= or,a-Di-(l-niethyl-2-pyrrolidinyI)-acetone) 

Stachydrine, sei; p. 49. 

Nicotine, see ]>. 336. 


II. ALKALOIDS OF THE PYRIDINE GROUP 


TRIGONELLINE, nicotinic acid niethylhetaine, (I), m.p. 218°, anhydrous, 
occurs in the fenugreek seeds of TrigoneUa foenum graccum and in vtay small 
amounts, together with choline, in the seeds of peas, Pisurn sativum, of hemp, 
Cannabis saliva, and of Strophanthus typos {Thorns, Ber. 31, 271); it has also 
been detected in several kinds of coffee (Oarter, Ann. 372, 239). Jakns has 

C roved that trigonelline is identical with the nicotinic acid betaine synthesized 
y Hantzsch in 1886 {Schulze, Frankfurt, Ber. 27, 769). 

ARECAIDINE {arecaine), C 7 H 11 NO 2 , 1 -methyltetrahydronicotinie acid (II), 


CO- 

-Cl-u 


-o 


. v^l Is I 

(I) CH<f >N—CH; 

\ch=ch/ 


CHr-CH==CCOOH 

iHs-N(CHa)ilL 


( 11 ) 


m. p. 
CgHu 


232° {Hess, Leihhrandt, Ber. 52, 206), is found together wilh arecoline, 
NO 2 , b.p. 220° (principal constituent), and guvacine, C 8 H 9 NO 2 , m.p. 
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293® (Winterstein, Weinhagen, Z.physiol.Chem. 104, 48), in the betel nut of 
Areca catechu, where arecolidine, C 8 H 18 O 2 N, m.p. 110° [Emde, Apoth.Ztg. 30 
(1915), 240], and guvacoline, b.p. 114° (23 mm.) (Hess, Her. 51, 1004), have 
also been d(3U)ctod. Arecaidine has been synthesized from 1-methyl-1,2,5,<3- 
tetrahy(lro-3-pyridin('Carboxaldoxim(? (p. 220) by converKsion to the nitrile and 
th(‘n saponification (Wohl, Johnson, Ber. 40, 4712). It is also formed, together 
with its dihydro d(;rivabve, dihydroarecaidine, 1-methylhexahydronicotinic acid, 
from the methyl chloride addition jneduct of nicotinic acid ester by reduction 
with tin and hydrochloric acid. When saponified with methanol and HCl, it 
yields arecoline, b.p. 209°, which regc^nerales arecaidine on saponification and is, 
therefore, i-mcthyl-tctrahydro7iicotinic acid methyl ester (Jahns, Arch.Pharm. 229 
(1882), 669; WiUstdtter, Ber. 30, 729; Meyer, Mo. 23, 22). 

Guvacine, (and guvacoline, (’7lInN02, are the corresponding (methyl- 
free) tetrahydronicotinic acid (Freudenberg, B(‘r. 51, 976; Hess, Ber. 51, 1004) 
and its methyl ester (Hess, Ih^r. 51, 1004). Methylation converts them to the 
methyl iodide addition product of arecoline. The constitution of arecolidine is 
not entirely clear. 

PIPERINE, CnlliftNOa, (III), m.p. 128°, optically inactive, occurs in different 
varieties of pe[)per, the fruit of Piper nigrum and Piper longurn. When dig(3sted 
with alcoholic KOH, it decomposes into piperidine (p. 220) and piperic acid; it 
dissolves in concentrated sulfuric acid to a dark red solution. 

yIdjOs. 

(ITI) CH/ >N • CO • c;H : CII • CH: CH [ 1 ](;n3< >CIl2 

^CIIz-CIT/ \[4]0/ 

Since th(! two decomposition products of piperine liave been pr(‘i)ar(xl from tluiir 
elements, and laperine has been synthesiz(Ml from tliem by the reaction of piperic 
acid chloride wnth piperidine, th<5 constitution of piperim* is known without dou))t 
[Ladenhurg, SchoUz, 13er. 27, 2958). Artificial piperines have b('en obtained 
from the chlorides of synthetic 2-alkyl- and 2-phenylpiperi(‘ a(‘i(ls (Schollz, 
B(U’. 28, 1195). Tetrahydropiperine, ('ijILaNOa, b.p. 280*^ (16 mm.) (Borsche, 
Ber. 44, 2942). 

In connection with the (tonstit.ution of ])iperine, (‘Xp('riments have been p(^r- 
formed to determine the relation bet,w<Hm constitution and p(^p]Hir tast,e (Slaudin- 
ger, Ber. 56, 699). It was found that the sharp pepptu* taste is a property of the 
acid amide structure, especially when the nitrogen is a mem ber of a piperidine ring. 
As acid components aliphatic-aromatic carboxylic acids incr(‘as(‘ the pepper taste. 
However, capsaicine (IV), (h8H270.3N, m.p. 65°, the sharp constituent of the 
Capsicum fruit (paprika), is an acid amide, but dmis not coi.'tain a piperidine ring 


ILCOif \ -CIl2- Ml -CO- IClLh-CH :Cn 011(0113)2 (TV) 


(Nelson, Am. 41, 1115, 1472, 2121 ; 42, 597; Nelson, Daioson, Am. 45, 2179). 
(kipsai(4ne diMromposi^s on hydrolysis to 4-hydroxy-3-methoxyi)enzylamin(‘. and 
an isode(\vlenic acid. Tlu^ com])l(‘te synthesis of capsaicine has bcion accomplished 
by Spdth (Ber. 63, 737). 

CONIINE (V), 2-7i-propylpiperidine, CsHitN, b.p. 1G5.8°, 
0.844, [a]\? == is found together with N-methylconiine, 

b.p. 176°, 7 -eonieeine (VI), b.p. 172° (v. Braun, Steindorff, Ber. 38 , 
3094; synthesis: Gabriel, Ber. 42 , 4059), conhydrine and pseudocon¬ 
hydrine (p. 334) in hemlock, Coniurn rnaculalum, especially in the 
seeds. For the separation of these alkaloids, see v, Braun, Ber. 38 , 
3108. Coniine is a colorless liquid with a stupefying odor; it is a 
very powerful poison. 


/CHr -CH r-ClLCHaCH, 
(V) CH< >NH 


XH-C(C3H7)v 

CH< >NH (VI) 

vuT.._ 
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Hinlori /.—Coniine was discovcircil l)y Giexcch ' m LS27. In 1881 A . W. Hofmann 
(leteriniiUHl its molecular vviMglit, and in 1884 Uv dcnnonstrated that it is coiivtirteil 
to conyriiie or 2 -propyli)yri<liiio by distillation over zinr dust. Hof maim proved 
the 2 -iK)sition of tlie propyl, group by oxidation uf the propylpyi idiiit; to picoliuiu 
acid. Th(‘ syutluisis of optically inactive coniiiu' and its njsolution into d- and /•* 
coniiiK*, which comprised the first liornpUde synthesis of an ofitically act-ivi^ plant 
alkaloid, werii aitcomplislied by Lndmburg in 1886 (lh‘r. 22 , 1402). 

Decomposition of (Urniine .—Reduction of natural f/-coniine (I) witli Ill yi(4ds 
n-octan(‘ (II) and NTlg {Hofmann, H(‘r. 18, 13). The dislillation with zinc dust 
givi^s conyriiKi ( 111 ), 2 -a-propyipyridin(‘,, which is converU'd by reduction with 
sodium and alcoliol to th(‘ inactive^ d/-coniine, and l>y oxidation to [licolinic acid, 
pyridin(!-2-carboxylic acid (IV). The N-carbethoxy d(‘rivative of coniine (V) 
is oxidiziul by nitric a(*id to carbethoxyconiinic aidd, 7 -carbetlioxyairiinoenanthic 
acid (VI) {Schotten, Hit. 15, 1947), which yi(*lds coniinic acid wIkmi ht^atinl with 
hydrochloric aidd. 1 -Henzoylconiint^ (Vll) is oxidiz(‘d by RMn ()4 to b(aizoyl- 
homo(;oniinic acid, 7 -b('nzoylaminocaprylic acid (Vlll), and a-lxaizoylamino- 
vak‘,ric acid. With PCds b(‘nzoylconiine giv(‘s 1 ,5-di(‘hlorooct aiui (IX) (v. Braun, 
Schmitz, H(!r. 39, 4365). Nitrous acid converts coniiiK' to nitrosoconiine (X), 
wliich decomposes when heated with phosphorus jHMitoxidi' into water, nitrogen, 
and conylene (XI). CJoniini' adds methyl ioJidi; to form 1 ,1-dimethyhHiniinium 
iodide (XII), which is t ransfoniHMl by aciinaius sodium hydroxide to the so-calh*d 
dimethyh^oniine, CsHisN( 0113)2 (Xlll). Tlui latt(?r is not a single compound, 
but a mixture of a littl(' nudhylconiine and two isomeric bastes formed by splitting 
the pipiiridine ring bedween the N and 2-0 atom and Ixdween the N and 6-0 
atom, HLspectively. With methyl iodidij thesis isomi'ric bas(us give iodidi^s, (XIV), 
which are hydrolyzed by silvt‘r oxi<h^ to the so-call(‘d trirrudhylconiinium hydrox- 
id(i (XV); t/he latter decomposes on distillation into water, trimethylamine and 
conyleiKi (XI). Dimetliylconiin(‘ reacts (uiergetically with hydriodic acid; re¬ 
duction of t he. hydriodidii so form(‘(l gives a mixture of two saturated bases, onn 
of which has been idcuitlfied by nutans of its midhyl iodides addition product with 
dimethyl-n-octylamine (Mugdan, Ann. 298, 131): 
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Synthesis of C(miine (Ladenbyrg, Bor. 22 , 1404; 40, 3734; Hess, Weltzien, Ber. 
53, 145).—The synthesis of coniine starts with the preparation of glycerol, either 
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from acetic acid or from iiilromctliano (Vol. T, p. r)80). Glycerol is converted to 
d-bromopropBiie, whicli is tn^ntiMl willi hydrobromic acid to form l,3-dibromo> 
propane, 'riie latter j^^ives glutjirorntrile., which is reduced to pimtamethyleiie- 
diaminc; from this, piperidiru^ is foriiKHl i)y (elimination of ammonia. Piperidiim 
can i)e oxidized to pyridine, whose* methyl i(nlid(; addition product- nmrrangcvs to 2- 
picolinium iodides when heat-(;d at 300^. 2-J*icoline cond(‘ns(ss with parald(;hyd(i 
to givf^ <'y-m(^thyl-2-pyridin(^el [lanol, whicii (!an be nMiuced by succt^ssive treat¬ 
ment. vvhth hydriodi(‘, acid and zinc dusi to 2-7i-propylpyridiru*, or (tan lx* convertcxl 
to 2-propenylpyridin(i by luial-ing with conc(*nt.rat.('d hydrochloric acid. The 
lat ter compound is also ol)tain('.d dins't ly l)y lutating 2-picoline with parahhdiyde 
at a high txanpe^raturen R(3duction of (hther 2-j)ro[)yl- or 2-})rop(tuylpyridine 
with sodium and alcoliol giv(3s inactive coniine. 

For anoth(‘r syntluvsis of dZ-coniine, starting from 2-pyridinecarboxaldehyde 
with ethylmagnesium bromide', sent Lnutensrhidger, Onsagn-, Betr. 51, 602; from 
2-picoline with chloral, s(3(i KolLer, Mo. 47, 39d. 

d-Coniine d-tartrate s<‘i)arat(',s first from a solution of d/-(?oniine d-t-artrate; 
it is hydrolyzed by alkali to the d-(toniine, [ajo == +17.85° (//cs8, Wettzi^n, 
Bvr, 53, 145). 
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d-Coniine hydrochloride, m.p. 218°; platinum salt, m.p. 175°; gold salt, 
m.p. 77°. Nitrosoconiine, bright yetllow oil. d-N-Carbethoxyconiine, b.p 
245°. d-Benzoylconiine, yiscous oil, b.p. 204° (16 mm.). 

Synthesis of /-ctoniim : JjojJlrTy Friedrich, Ber. 42, 115. 

The inactiye d/-(toniine and the /-coniine hav<* th(t sanu; chemical and physio¬ 
logical }3rop(irties as (/-coniine. Inaittive coniiiK* is best pr('j)ared by roducticni of 
7 -('onicoine (p. 332) {Wolffensiein, Ber. 29, 1956). 

Two isometric alkaloids cemtaining o.xygc'ii, conhydrine, m.p. 120°, b.p. 226°, 
f«]D pseudoconhydrine, m.p. 106°, b.p. 236°, |(y]d +11°, are found 

with coniiiut in hemlock. The former has Ix'en found to be omt of the optically 
active forms of a-ethyl-2-piperidincmethanol, (C 6 H 9 NH)CII(OH)CH 2 CH 8 (p. 
224; Ldfler, Tschunke, Bar. 42,929; Hess, Eichel, Bvr. SO, 13S6). The pseudo- 
conhydrine is probably a derivative of coniincj hydroxylated in the piperi(iine nu¬ 
cleus. By successive treatimtiit with hydriodic acid and zinc (iust conhydrine is 
converted to /-coniine, and {iseudoconhydrine to d-(3oniine. When conhydrine 
is treated with d(ih 3 nlrating ag(;nts such as P 2 O 6 or coiKtentral-ed hydrochloric 
acid, y-coni(teinc (p. 332), which occurs in nature, is formed in small amounts, 
and a larger quantity of the isomeric /3-(tonic(tine, 2-proixtnylpiperidine, (CsHb- 
NH)CH:(TI-CHa, is producMul in two stereoisomeric forms (see p. 224). The 
iodides obtained from those by addition of hydriodic acid undergo intramolecular 
alkylation when treated with alkali, yielding the tertiary, saturated bicyclic 
€-coniceine (1). An isom(3r of this base, 6-coniceine (II), has b(3en prepared from 
coniine by brominat-ion with hypobromite and subsequent elimination of HBr by 
means of concentraUxl H 2 SO 4 ; see the corresponding inactive form of this base 
(p. 224) {Loffler, Kaim, Ber. 42,94; Ldffler, Tschunke, Ber. 42, 929). 
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(I) 


CHj-CHjCH—CHs 
(!;ns-CH2-N-CHCHs 


CHjCHjCHCH 


I 1 >CH 2 (II) 

Cll2-CH2’N—CH2^ 


Associated with the principal alkaloid, pseudopdletierine (p. 348), of the pome¬ 
granate root bark (Punica granatufn) are several others which ar(i related to 
coniine: 

Pelletierine, C^sHisON, b.p. 100° (21 mrn.)» iiuuitive, resolvable^ into antipodes 
through the bitartrate {Hessy Plchcly lha-. 51, 741); hydrobroinide, iii.p. 140°. 

Isopelletierine, C'sHuiON, b.]). 102 107° (11 mm.); hydrobromide, m.p. 
149°. 

Methylpelletierine, CJIoON, b.p. 100 108° (45 mm.), [o'Id -1-27.7 ° 
(without solvent); hydrobromide, m.p. 105°, [aji) -f33.5°. 

Methylisopelletierine, CglliyON, b.p. 95° (12 mm.); hydrochloride, m.p. 
158°; picrate, m.p. 154°. liesolvable into optical ant-ipodi^s (Hess, Eichel, B(t. 
51,741). 

M(4hyliso]x41(‘tierine is converti'd to isopelletierine by oxidation with chromic 
acid in boiling glacial aceth^ acid [Meisenheimer, Mahler, Ann. 462, 305), while 
the reviH’se reaction, t.lu' met hylatioii, takes place less rejulily. Its constitution 
is determined by corndation of the following data: 

The oxygen of pdletierine is present in an aldehyde^ group, sinc(‘ it forms an 
oxime, which can b (5 convia ted with l’C4h to a nitrile which saponifies to 2~piper- 
idinepropionic acid. The hydrazone of pelkAiiirine reduces to d/-coiiiine. 

MethyLisopelletierine also contains a carlxinyl group (semicarbazone, m.p. 
169°), which is a ketone group according to tlui results of the oxidation with 
chromic acid in sulfurii; aiad solution. Tliis oxidation yiidds acetic; acid and 1- 
methylpiperidine-2-carboxylic acid {\-meLhylpipecolinir acid) (Hess, Ber. 52, 970). 
Since the hydrazone of methylisopelletierine is converted by reduction with 
sodium and alcohol to dl-N-nielhylconiine-, it is probable that methylisopclle- 
tierino is 1-methyl-2-acetonylpiix;ridine. This supposition has been verified by 
the conversion of the syntludJc i-{\-methyU2-piperidine)~2~propanol by chromic 
acid in glacial acetic acid to ineihyLisopelleticrme {Meisenheimer, Mahler, Ann. 
462,310): 



H(CH 8 ) 
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Methylpelletierine 
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H(CH3) 

Isopelletierine, 

Methylisopelletierino 


The constitution of the alkaloids of the lobelia plants {Lobelia injlata), which 
contain a piperidine ring, has also been completely proved. 

Principal alkaloid: lobeline, C22IT27O2N, m.p. 130”, [a]p —42.8° (alcohol) 
(Wieland, Ber. 54, 1784). Oth(!r alkaloids: lobelanine, (' 22 H 25021 N, m.p. 99°, 
optic.ally ina(;tive, hydrocJiloride m.p. 188° {Wieland, Schopf, llermscn, Ann. 444, 
49); lobelanidine. (V2II29O2N, rn.{). 150°, optically inactive, hydnx’hloride 

m.p. 138° {Loc. cit., p. 56); d/-lobeiine (= lobididine), C 22 H 27 O 2 N, m.p. 110°; 
norlobelanine, C 2 iH 2302 N, m.p. 121 ° {Wieland, Koschera, Dane, Ann. 473, 122); 
norlobelanidine, C 21 H 27 O 2 N, m.p. 120° {loc, cit., p, 124). 

The first three alkaloids mentioned above are interconvertible by simple 
chemical reactions. Nascent hydrogen reduces lob(4anine (a dikiitone) to lobehne 
(a hydroxy ketone) and then to lobelanidine (dihydric alcohol), which yields 
some lobelanine when oxidized with chromic acid in glacial acetic acid. The ni¬ 
trogen atom is a member of the ring and carries a methyl group. Norlobelanine 
and norlobelanidine are the corresponding methyl-free secondary bases; they can 
be methylated with methyl p-toliienesulfonate to lobelanine and lobelanifline 
{Wieland, Koschera, Dane, Ann. 473, 124). 

More information concerning their constitution is given by the Hofmann de¬ 
composition of lobelanine. Its methyl iodide addition product loses trimethyl- 
amine very readily when treated with silver oxide, forming a doubly unsaturated 
compound, which is converted by catalytic hydrogenation to a diketone, 1,7- 
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dibenzoyl-n-heptane. Alkali fusion splits lobelanine into acetophenone^ henzo- 
hydrol, and mcthylamine, The dioxime of lobelanine (m.p. 209°, dec.) undergoes 
a Beckmann rearrangenient when treatetl with 8 OCI 2 , yielding a diaiiilide, which 
can be saponified to lobelinic acidy \-melhylpiperidine-2y^-<iicarboxylic ncidy 
in.p. 228° (dec.). Lobelanine is oxidized by chromosulfuric acid to scopoLinic 
acidy l-melhyfpiperidme-2y()-(iicnrboxylic acidy m.p. 225°. 

From these data it follows that lobelanine is \-methyl-2y6-phenarylpiperidine 
(I), and the structure of lobeline (II) and lobelanidine may bo dciducod from the 
simple relationships mentioned above (Wielandy Dragendorffy Ann. 473, 83): 
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Lobelanidine is the corrosj)onding dihydric alcohol. 

This interpretation of the structure of the loln^lia alkaloids is supported by two 
independent synthesevs of norlobelanidine {Wielandy Driahavfiy Ann. 472, 102 , 
106). 

Lob(dine is a specific agent for the stimulation of the respiratory center, and is 
therefon; one of the be.st rennaiic's for asthma. 


NICOTINE (III)I l-7nethyU2-(3-pyndyl)-pyrrolidiney C 10 H 14 N 2 , 
b.p. 247°, d\^ 1.00924, [a]\? -m.22^ (Ratz, Mo. 26, 1241), occurs in 
the leaves of the tobacco plants, Nicoiiana tdbacunij in amounts up to 

0 . 6 - 8 %. 


(Ill) 


N 

d^cii NCHj 

in cii\;h, 


Some subsidiary alkaloids are found in the tobacco lye; nicoteine, C 10 H 12 N 2 , 
b.p. 267°, [aln —46.41°, ditertiary base, gives nicotinic acid when oxidized; 
nicotelline, C 10 IT 8 N 2 , m.p. 148°, and nicotimine, C 10 H 14 N 2 , b.p. 150-155°, a 
tt^rtiary-secondary base isomeric with nicotine, and small quantities of pyrrol¬ 
idine and l-methvlf>yrroline \Piclety Rolschyy Per. 34, 696; Pictety Court, Ber. 40, 
3773 ; Pictet, Arch .Pharrn. 244 ( 1906), 375]. 

Nicotine is readily soluble in water. It has a disagreeable odor and 
a burning taste. It is a violent poison. The salts of nicotine are 
dextrorotatory: hydrochloride, [a]n +102°; sulfate, [a]D +85°; 
acetate, [q:]d +110 .2°. 

History .—Nicotine was discovered in 1828 by Posselt and Reimann. Its re¬ 
action products have been studied since 1891 by Blau and by Pinner* The 
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structure proposed by the latter is in agreement with the chemi(;al behavior of 
nicotine and has more recently been verified by the investigations of Ami Pictet 
and his students (1895-1904) and of Spdth (Spdth, Breischncidcr, Her. 61, 327), 
which have led to the syntlu^sis of nicotine. 

Nicotine (1) (see the diagram below) is a dih'rtiary bas('. It forms an addi¬ 
tion product with two mohaniles of nnUliyl iodide;, and two isomeric i)roducts 
with one molecule, one of which yiedds trigonelline (p. 331) on oxiflation. Oxida¬ 
tion with potassium ferricyanide, or better with silver oxide, or dehydrog(;nalion 
with Pd (Wihaut, Overhoff, Uec. 47, 935), converts nicotine to nicotyrinc (II), 
1 -meth3d-2-(3-pyridyl)i)yrroI(‘ (Blau, Her. 27, 2535). Niti’ic acid, chromic acid 
or potassium permanganah; o.xidizes nicotiiK' to nicotinic ac'id (111), 3-pyridine- 
carboxylic acid (Laihlin, Ann. 196, 130; rf. Pirtet, Geucquand, Ih'r. 30, 2122), 
Sodium and alcohol reduce* it to hexahydroriicotine and, with rupture of the 
pyrrolidine; ring, to octahydrometanie;otin(; (TV) {Pinner, Jh;r. 26, 705). With 
bromine and wate;r niejotine fe)rms dibromoticonine (V), ('loHsHroN^O^, which de;- 
composes in barium hyelroxide solution through (VI) to mediiylamine, malonic 
acid, and nicotinic acid (111) [Pinner, Her. 26, 292), With l)e;nzoyl chloi'ide; 
nicotine forms an addition i)roduct, frenn which nicotine; can lx; re;ge‘ne'rat(‘d with 
hydrochlorie* aedd; when treateal with sodium ale;oholate this prorlnct yie;l(is a 
secondary base; isomeric, with nice)tin(', rm;tanicotiiH; (VII), 3-('4-m<ill)yla!nino~l- 
butenyl)-pyridin(‘, b.p. 275-278®. The latter is rexiuced by sodium and a]ce)hol 
to h(;xaliydr()me‘tanie;otine, and octaliydromeitanicotine (IV), which is also ob- 
tainexl elirectly from nicotine, and by HI and re;d pliosj^lionis to elihydrometa- 
nicotine (VIII). With sexiium hy})obromit(; the dihydrometaiiicotine; forms an 
N-broino deirivative (IX), which is e‘Ouve;r(ed hy elimination of HBr with warm 
coimentrated sulfuric ae;id b) uie'otine; (1): 
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The stable pyridine ring can be recovered from the nicotine molecule; as nico¬ 
tinic acid or t,rigonellino by oxidation according to the methods m(;ntioned above. 
The more difficult problem of isolating the intact pyrrolidine ring has also bec'ii 
solved. /-Hygrinic acid, i-mcthytpyrrotidine-2-cxirhoxylic acid, is obtained from 
the Py-mothyl iodide of nicotine, winch is oxidized by potassium ferricyanide to 
N-methylnicotmie, from which /-Iij'-grinic acid can be isolat(;d in 25% yield by 
oxidation with CrOa [Karrcr, Widmer, Helv. 8, 364): 
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This sequence of reactions also gives infonnation coruH'rning the eorifiguration 
of the asymmetric (‘arbon atom (*) in ni(;otine. 

Synthesis of nicMirie according to Pictet (see the sch(nno below).—Nicotinamide 
(I) IS converted by potassium hypobromit(i to d-aminopyridine (II), which yields 
i-(3-pyridyl)-t)yrroie (111) when distilled with mucic acid. Passage through a 
slightly incandescent tube rearranges 1 -(3-pyridyl)-pyrrole to 2-(3-pyridyl)- 
pyrrole (IV), which adds methyl iodid(; to give N-mothylnicotyrinium iodide (V) 
(Soderhauin, Bor. 28, 1909). Distillation with CaO splits off method iodide? 
leaving nicotyrine (VI), which can be conv(^rted to nicotine by this series of re¬ 
actions: Nicotyrine reacts with iodine to give iodonicotyrinc (Vll), which is re¬ 
duced by zinc dust and aqueous sodium hydroxide to dihydronicotyrine (VIII). 
The latter is furtluir reduced by treatment of its bromination product with tin 
and hydrochloric acid to tetrahydronicotyrine (TX), which is iaentical with the 
inactive nicotine prepared by luxating solutions of nicotine salts at 180-250*. 
The inactive nicotine (tetrahydronicotyrine) can be resolved by means of its 
bitartrate into Unicotine, identical with the natural nicotine, and d~nicoiine, [ajp 
4*163.17°, which is far less poisonous than the natural nicotine {Pictet, Rotschy, 
Ber. 37, 1225; Pietet, C. r. 137, 862). 
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Another synthesis, with somewhat milder reagents, has been developed by 
Spdth iSpdih, Brctschneider, Ber, 61, 327). Ethyl nicotinate is condensed by an 
acetoacotic acid condensation with 1-methylpyrrolidine to 3-pyridyl l-methyl-2- 
0 x 0 -3-pyrrolidyl ketone (X). Concentrat,ed hydroiddoric acid splits the pyrrol¬ 
idine ring and remov(is CO 2 , leaving the base (XT), which is converted through its 
carbinol (XII) to d/-nicotine (XIII). 
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SPARTEINE ilupinidrine)y Cj 6 H 26 N- 2 , b.p. 325°, d*® 1.02, [cxId —16.42°, i.s a 
colorless, viscous oil, which occurs iu the broom, SarotharnnuH scoparius, witli the 
subsidiary alkaloids, sarothamnine, C 16 H 24 N 2 , and genisteine, (igHasNa, m.p. 
60.5°, b.p. 140° (5 mm.) (Fatear, C.r. 167, 26, 163). Sparteine is a saturated, 
diacid, ditertiary liaso, wliich contains no free methyl groups attached to the 
nitrogen. Since the presence of an aromatic nucleus is improbable, the ring 
system of sparteine must be assumed to contain four saturated rings. With 
chromic acid or alkaline potassium ferricyaiiide solution, it is oxidized to kydroxy- 
sparieinCy C 16 H 24 ON 2 , and with hydrogen peroxide, to sparteine oxidey CibfT 2402 N 2 , 
from which sparteine can be readily obtained; with chromic acid an unsat,urate(l 
base, spartyriney C 15 H 24 N 2 , and a neutral compound, Cibli 24 () 4 N 2 , are also formed 
(Wackernagei, Woljjenstein, Ber. 37, 3238; WilhUittery Marx, Ber. 38, 1772; 
AkrenSy Ber. 38, 3268). Dclujdrosparleiney (li{,H 24 N 2 , gold salt m.p. 158°, from 
sparteine with mercuric acetate \ Winierfcldy Bor.deut.pliami.Ges. 266 (1628), 
299], is oxidized by KMn 04 to an acid, C 14 H 24 O 2 N 2 , Pt salt of the methyl esU'r 
m.p. 257° (dec.), which yields an amine, GiaHvbNs, picrate m.p. 187° (dec.), 
and 2-7netkylpyrrolidmCy gold salt m.p. 184° [Winterfeldy Arch. Pharm. 267, 
(1929), 433]. The same compound is oxidized by chromic acid in sulfuric acid 
solution to the N~mcthyl derivative of a 2-77iethylpyrrolidi7ienirboxyUc acidy 
C 7 H 18 O 2 N, Pt salt m.p. 250° \ Winlerfeldy IpseUy Arcm.Pharm. 268, (1930) 372]. 
The methylsparteiniurn hydroxide, obtained from the iodide with moist silver 
oxide, decomposes when heated into water, and a mixture of two unsaturatixl 
bases, methylated on the nitrogen, Ci 6 H 2 f,N 2 GH 3 , a-rncthyhpartemey m.p. 31°, 
and k-methylsparteiney liquid. The a-methylsparteine hydrohalidos isomerize 
under various conditions to the methyl halide addition compounds of a new base, 
isosparteiney Cir,H 20 N 2 ; the methylisospartcinium hydroxide loses water when 
heated, and forms a-methylsparteine. These reactions, which are analogous to 
the conversion of methylpiperidine to dimethyl pyrrolidine (p. 49), indicate 
the presence of at least one pyridine ring in sparteine (Bl-aisCy Mairey Bull. [4] 3, 
674; Valeuvy ihid.y 5, 31). By exhaustive mothylation Karrer eliminated both 
of the nitrogen atoms from sparteine and obtained, by hydrogenation of the result¬ 
ing unsaturated hydrocarbons, a pentadecancy Ci{,H 82 , b.p. 242° {Karrery Shihatay 
Wettsteiny JacubowieZy Helv. 13, 1292). For the rupture of the sparteine ring 
system by cyanogen bromide, see Winter/eld, Tpsen, Arch.Pharm. 268 (1930), 
372. For proposed structures of sparteine, see Wolffensteiny ReitmanUy Biochem. 
Z. 186 (1927), 269; Karrery Canaly Zohnery Widrnery Helv. 11, 1068; Karrery 
ShibatUy Wettsteiny JacuhoivicZy JioW, 13, 1292; Wintcrfcld, Kneucry Bt^r. 64, 152. 

A group of alkaloids closely related to sparteine are found in the lupines: 
Lupinine, CioHioON, m.p. 68 °, |«]d —19°; hydrochloride, m.p. 213°, [alo 
—14°, from Lupinus luteus and Lupinus niger (together with sparteine). Lupan- 
ine, C 1 &H 24 ON 2 , m.p. 44°, [ajp -f51.2°, in L. albus and L. angiistifalias. Hy- 
droxylupanine, C 16 H 24 O 2 N 2 , m.p. 174° (anhydrous), from L. polyphyllus; it can 
be converted to lupanine with nydriodic acid. 

Of these, only lupinine has been investigated for the determination of its struc¬ 
ture. It contains a primary alcohol group, which is combined with an asym¬ 
metric carbon atom; the tertiary nitrogen atom is shared by three rings {Schopf, 
Ann. 465, 97). Anhydrolupinine, resulting from the elimination of water 
{WillSy Foumeaut Ber. 35, 1916), is converted by catalytic hydrogenation to two 
stereoisomeric lupinanes, C 10 H 19 N. Oxidation with CrOa gives two diastcreo- 
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meric liipiriic aci(i,s {SchOpf^ Ann. 465, lOS), one of which (lajp +54.8®, hydro¬ 
chloride, m.p. 285°) yi(‘lds on reduction of its ester iupinine (m.p. 68 Vlall, 
— 28.5°), and the otlicir (forln —19.4°, hydrochloride, m.p. 275°), the isonu;ri(‘ 
epilupinine (m-p. 78°, [ajo i^^.2°)(\Vintcrfetd, Holschneider, Ber. 64, 143). Ac¬ 
cording to Karrer (Helv. 11 , 1062), the accompanying formula (I) accounts best 
for thes(> reaction::, of Iupinine. This structure is further sup])orted by the folluw- 

II2(^ -CM 


IhC j 

ing experimental n'.sults. The j)yridine base obtained by decomposition of 
lupinatie with cyanogcui bromide at)d subs(iquent dehydrogcmation is oxidized by 
KMn 04 to 8-methyl pyridine-2-carboxylic acid and 2,.‘L]>yridinedicar}>oxylic acid, 
and also some 2-n-f)utylpyridine-8-carboxy]ic acid {\Vinterjeld, Holschneider^ 
Ber. 64, 187). That (he tertiary nitrogen is in the ^-position to the primary 
alcohol group is proved by the Hofmann decomposition of the ketoTie, (CylljeN)- 
COCellfi, b.p. 12f)-128° (1 rnnu), picrate m.i). 185°, from lupinic acid ester and 
phenylmagnesium bromide'- (Schopf, Ann. 465, 380), to the unsaturated N- 
methyl-des-base, C+ILsON (b.p. 148-145° (1 mm.), picrate m.p. 148°) {Schopf, 
Schmidtf Braun, B(t. 64, 688). 

Lupanine, whejse carbon sk(4(*1on is joinexl by two tertiary N-at.oms and 
which contains a (;arbonyl group, reads as a monoacid base, due to tlie pr(!sence 
of a lactam link ~N -“('0—. Lnergetic reduction with HI and phosjdiorus 
converts it first to desoxylupanine, C'i 5 H 25 N 2 , b.p. 145° (5 mm.), then to jS-iupin- 
ane, ()ioHi 9 N, b.p. 85-86° (15 mm.), gold salt m.p. 144°, and a base, b.p. 145- 
147° (15 mm.), which shows pyrrole reactions (\Vinie.rfeld, Kneiier, Ber. 64, 150). 


CH .+H2OII 


CIL 

i 

C^IL 


(I) 


-CH2 


III. TROPANE ALKALOIDS 

SOLANUM BASES. Many varieties of Solarium contain several 
very similar alkaloids, of which the best known arc the two isomers: 
optically inactive atropine, discovered in 1883 by Meifi and also 
by Geiger and HessOy and its levorotatory form, hyoscyamine. 
When introduced into the eye in very small quantities, they cause 
the pupil to dilate, and are therefore used medicinally as mydriatics. 
Both bases are found in henbane leaves, Hyoscyamus niger and H, 
albusj in the thornapple, Datura stramoniumy in the “deadly night¬ 
shade,’^ Atropa helladonnUy and in Duboisia myoporoides; hyoscyamine 
also occurs in the mandragbra root (Thomsy Wentzely Ber. 31, 2031). 
Associated with these two are many lesser known alkaloids: bella- 
donine (p. 341) (Ladenburgy Rothy Ber. 17,142; Merlingy Ber. 17,383), 
hyoscine = i-scopolamine, atroscine = z-scopolamine [Schmidty Ber. 
25,2601; Ber. 29, 2009; Arch. Pharm. 247 (1909), 79; fl'esse, Ber. 
29, 1771,2439; Gadamer, Arch. Pharm. 236 (1898), 382], apoatropine 
(p. 341) [Mercky Arch.Pharm. 230 (1892), 134; 231, 110], these 

all yield as acid decomposition products tropic or atropic acid, and, 
as basic constituents, tropine or related compounds. For the iso¬ 
lation of the alkaloids from the plants, see ChemnitiuSy J.pr. 116, 
276 ff. 

ATROPINE, inactive HYOSCYAMINE, CnHjaOsN, m.p. 118^. 
It is obtained from the plant in an optically inactive form; this is 
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CH2~CH-CH, 

NCH, in-O- 


COCIICHjOH 


CH 2 —CH- 


I 

-CH 2 '^^6^6 

Atropine 




probably due to racemization during the isolation. Atroj)ine can 
be decomposed by means of its d-camphorsulfonate into d- and l- 
hyoscyamine, m.p. 108°, [a]D —22° (Barroweliff, Tutin, J. 95,1966); 
the latter is probably the only product of the plant synthesis, and its 
racemization takes place on fusion or on treatment wit,h aqueous or 
alcoholic sodium hydroxide [Willy Ber. 21 , 1717; Will, Brediq, Ber. 
21, 2777; Ladenhurg, Ber. 21 , 3069; Gadamer, Arch. Pharm. 239 
(1901), 294]. 


Small cpuiiitirK^y of norhyoscyamine, (\GlT 21 O 3 N, mMO”, falh — 2 .‘>” (50% 
alnohol), are often found with hyoscyamine; it is tlu; com'.spoiuling met hyi-l’rco 
l)ase. 


Atro])ine (A) salts: sulfate, 2A *H 2 S 04 *H 20 , m.p. 194°; hydro 
bromide, A-HBr, m.p. 164°; jdatiniim salt, 2A-H2PtCl6, m.p. 208° 


/-TTyos(‘yamim' (Hy) salts: 8 ulf{il(^ (Hy) 2 ' 1128 ( 14 -II^O, m.p. 20(3® (.‘inhy- 
drous); hydrohromide, (Hy)-HBr, m.p. 151®. 

ConatUuHoii of Atropine. .When heated with hydrochloric acid or 

barium hydroxide solution, atropine decomposes into an amino alco¬ 
hol, the inactive tro})inc (see below) and dZ-tropic acid, a-phenyl- 
hyclracrylic acid, CH 2 OH-CH • (CJIf,) -COOII. This reaction can l)e 
reversed, atropine being formed by (noiporation of tropic acid and 
tropine with dilute hydrochloric acid (Ladenburg), or by condtaisation 
of t.ro})ine with acetyltropic acid chloride and subsequent elimination 
of the acetyl group {Wolffe7istei7iy Manilock, Ber. 41, 726). Z-Hyoscy- 
amine splits into tropine and Z-tropic acid when saponified with water, 
and can be synthesized from these components by evaporation with 
dilute hydrochloric acid [Amenorniya, Arch.Pharm. 240 (1902), 498]. 


Apoatropine, atropamiuc, CjTllaiChN, m.p. 00 62®, is th(i aiihydroatropiiio, 
formed from alnjpine hy treatment, witli nitric acid; it is synthesized by evai)ora- 
tioii of tropine atropate with dilute hydrocliloric acid. In barium hydroxide', solu¬ 
tion apoatropine decomposes into tropine and atropic acid (a-phenylacrylic acid: 
Vol. TIT, p. 470). Tt is the tropeine of atropic acid. 

Belladonine, (yi7H2i02N, not crystalline (platinum chloride compound, m.p. 
229®, amorphous). Tiiis base is a stereoisomer of atropamine, and is obtaini'd 
from the latter by heating; alone or by evaporating with hydrochhnic acid. In 
the latter case sai)onification to atropic acifl and bellatropinc, an is(nner of tropine, 
also occurs. 

TROPEINES. Tropeines are ester-like compounds obtained from tropine 
with other acid.s, as atropine is fonned from tropine with tropic acid {Ladenhurg» 
Ann. 21 . 7 , 82; Petit, Polonowsky, Bull. [3] 9, 1015). Homatropine, phenyl- 
glycolyltropeine, C 8 TIj 4 N( 0 -C; 0 -CITOH-C«ll 6 ), m.p. 95-98.5®, is prepared from 
tropine and mandelic acid; because its mydriatic action is not so prolonged, it is 
used iathe form of its hydrobromide in place of atropine. Only those tropeines 
having an alcoholic hydroxyl group in their ac 3 d radical show pronounced mydri¬ 
atic action (for this ndationship, see Pymnn, J. Ill, 1103) . Lactyltropeine, m.p. 
74° (Ger. Pat. 79870, 1894). Benzilotropeme, the tropeine of benzilic acid 
{Petit, Polonowsky, Bull. [3] 9, 1015). 
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CHj-CH—CHs 

Tropine, C«H,sON, llcH, OHOH, m.p., 62°, b.p. 333°, the basic de- 

cft-in—(*: h2 

composition product of atropine, was found by Willsidtter to have a bicyclic ring 
systiiin comprivsing a pyrrolidine ring condensed with a 4-hydroxypyridine ring, 
t he- group C—N—C being common to the two rings (see also p. 270). 

The principal evidence for the above structure for tropine is the formation of a 
diyilti.zylidene and a diisonitroao compound from tropinone, the first oxidation 
product of tropine, which signifies that tropinone must contain the group 
-CHrCO'CHs- {Willsiatter, Bcr. 31, 1537). 

The constitution of tropine and ecgonine is clarified also by their decomposition 
reactions, especially the llojmmin exiiaustive methylation method. These data 
are due to the work of Ladenhurg, Merling, Einhorn, Wilhldtter. The formulas 
so obtained are verified by tli(‘ syntheses of thesti compounds. 

Decomposition of Tropine ~ (Kquations shown below.) (a) The conversion of 
tropine into tropic arid and n~pime\ic acid: Tropine (I) is oxidized by KMn 04 
in alkaline solution to tropigcuiine (Tl), and in acid solution, or with chromic acid, 
to tropinone (Ill), a ketone, which giv(^.s tropine when reduced with zinc dust and 
hydriodic acid, but with other reducing agents yields th(5 stereoisoni(;ric \^'-tropine, 
which is also obtained from a subsidiary alkaloid of cocaim'. (p. 344) {Willstdtter, 
fgla,u€r, Ber. 33, 1170). Further oxidation with CrOa converts tropinone to 
tropinic acid (IV), 5“Carboxy-l-methyF2-pyrrolidineacetic acid. The methyl 
iodides addition product of tropinic acid ester (V) is split by alkali to the so-(;alled 
metliyltropinic acid (VI), whose method iodide, treated with alkali, gives pipor- 
ylenodicarboxylic acid (VII); by reductiop of the latter n-piinclic acid (VIII) 
is obtained. Therefore the presence of 7 carbon atoms in a row in the tropine 
molecule is proved. 

(b) The conversion of tropine to 2>ethylpyridine and picolinic acid: By 
elimination of water by means of glacial acetic acid and hydrochloric acid tropine 
is converted to tropidine (IX), which is oxidized by permanganate to dihydroxy- 
tropidine; on further oxidation the latter yields tropinic acid (IV) {Willstdtter, 
B(a’. 28, 2277). Zinc and hydrochloric acid reduce tropidine to hydrotropidinc, 
tro])ane (X), which is also obtainable from tropinone (III) {Willstdtter, Iglaner, 
Ber. 33, 1173). Norhydrotropidine (XI) is formed by luiating tropane hydro¬ 
chloride in a stream of hydrogen chloride and is distillo(l over zinc dust to give 2- 
ethylpyridine (XII), which yi(dds picolinic acid on oxidation {Lndenhurg, Ber. 
20, 1647). 
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(c) The conversion of Iropidme to tropilidene or 1 ,d,5-cycloheptatri€ne (see Will- 
stdtter, Ber. 31,1542): Tropidine (Xlil) adds methyl iodide, and the product is 
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converted by moist silver oxide to mothyltropidiniiim hydroxide (XIV), which 
rearranges in boiling wator to “inethyltrrmidin(‘” or 5-diinethylamino-,l,3~(*yclo- 
lioptadiene (XV). The latter, ,subj(icted to the same treatment as tropidim;, 
yields the trimethylammonium hydroxide (XVI) and tropilidene, 1,3,5-cyoIo- 
heptatrieiu; (XVII): 


(xiii) cn-r-cii—vn (XIV) cii>-ch— cii 

NCHs CH -> 


CH 2 —CH—CH. 


HONCCHa). CH - 

I I 

CH 2 --CH-CIL 
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(XVII) CH -cm ~CH 
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CdL-ClI-CH 


Hydrotropidiiu^ is sirniiarly cotivert(‘d to cycIolit'ptMdiiMU'. TropHnic, ( VHuO, 
2-ryrlohrptm-\-onc, formed by tlu^ (‘xluiustiv^' ?n('thyja.1ioii of iroj)i(lin(', can be 
catalytically hydrogenatc^d to cycloia'ptarroia^ {Kdlz, limenhunch, Ihir. 44, 461). 

Synthesis of Tropine .—“Mothylt ropidine” or h-diniethylamino-1,3-cyclohepta- 
dieno (1) forms 6-chloro-3-dimetliylainino-l-cycloheptene hydrochloride (II) 
by addition of 2 HCl; elimination of 1 HCl with aqueous sodium hydroxide con¬ 
verts this to methyltropidinium chloride (III), which decomposes when it is dist. 
into tropidine (IV) ami methyl chloride. Tropidine adds HBr to give 3-bronio- 
tropanc (V), from which tropine (Vl) is obtained with dilute mineral acid 
(Willsidiler, Ann. 326, 1). 
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By analogous reactions, tropane (p. 342) is produced from “methyltropane,” 
dimethylaminocycloheptene. These synthcsos^iave been completed by the forma¬ 
tion of ^^methyltropidine'^ and ‘‘methyltropanc’' from 1,3,5-cyclohoptatriene 
(tropilidene) and cycloheptcne, which are obtainable from the synthetic 
suberone, cyclohoptanone {Wiltstdtter, Ber. 34, 129; Ann. 317, 307). 

The synthesis of the tropane ring system developed by Rohinson (J. Ill, 762) 
is much simpler. Succinaldehyde, meihylainine, and acetone in aqueous solution 
form detectable amounts of iropinone in a short time: 


CH 2 ~CH 0 CH 3 
+ H,NCH, + io 
CH,—CHO in, 


CH,—CH-CH, 

NCH, io +2H,0 

CHr-in—in, 


The yields are considerably larger when /3-ketoglutaric acid ester is used in 
place of acetone, the tropinone-dicarboxylic acid first formed being readily do- 
carboxylated to troparione. By use of the morioethyl ester of /3-ketoglutaric acid, 
this reaction is suitable for the direct preparation of eegonine (see page 345). 

/-Scopolamine {hyoscine), Ci 7 H 2 i 04 N (formula given below), syrup, [orji) 
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— 28° (walttr), hydrohromido, scop-HHr*3 IIjO, m.p. 193° (anhydrous), is 
associated in many plants with l-hyoscyamme, from whose mother liquor it is 
usually obtaint'd. Atroscine (dihydrale, m.p. 38 -10°; monohydrate, m.p. 30°; 
is iiiactiv(^ scopulaniiiif;. d-SropoUnnine, [a\n -h-b.3°, pr(q)ared by resolution 
of th(i ina(*tiv(^ scopolamine (A'm^, J. 115, 470). 

These alkaloids ani rela-ted to hyoscyainiiH*. Scopolamiiu’ is the tropic acid 
(v>t(‘r of svopifie, m.p. 7(1“, an amino alcohol analogous to tropino. 

ScopiiK' is obtainabk*. from scopolamim* only by V('ry mild, alkalim* hydrolysi- 
(ammonia [)lus ammonium cldoride at. pH 8.9 9) (Willsfdttcr, Hernvr, Her. 56, 
1079). When wariiMul aloiu', <»r more rapidl}^ in tln^ pr(^s<oic(‘ of alkali, .sco])iii(5 
rearraug<‘H to s(a)j)olin(!, m.p. 109°, b.p. 241-243°, an ethyleju^ oxide ring being 
ct)uv(n‘t(5d to a butylem' oxid(' ring {IJess, Wahl, P>er. 55, 1979; \\'lUsldltcr, Hemcr, 
Iha*. 56, 1079). This reaction had long concealed the true constitution of 
scofK)! amine. 
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When scopoliiu' is h(‘at(‘d with saturat.(Hl glacial ac(4lc a(ad--hydrobromic acid 
at 100°, the oxides ring i," broken and the hydrobromide of a hydrobromoscopoliiui 
is formed (fless, Siicliicr, Ih'r. 48, 2000). This reduces to dilLydrom:opolinv, a 0,7- 
dihydroxyt.ro[)ane, whicK yields unrpoiinir acid, \-7n(ihylpipcridinc-2,()-dicar~ 
hoxylic acid, m.p. 230° (an'iydrous), on st.rong(*r oxidation (Jicsa, Siichier, Her. 
48, 2001). lt(‘ductiun with hydriodic acid and phosphonium iodid(i conveiMs 
dihydroscopolini' to tropanc, a nuiction wdii(4) places scopoline in tin' bicyciic. 
tropfine group (Hess, B(‘r. 51, 1008). For t h(‘ products of th(‘ exhaustive methyla- 
tion of mothylscopolim* iodidt*, Hess, B(‘r. 52, 1947. 

Scopolamine is used for the induction of t wilight shu'p in gyiua'ology and for ti e 
reli(d of cramps of the bile dind inus(mlature. 

i-COCAINE, C17H21O4N, 

(dio -Cll-(dl.C02CH, 

! i 

NCdla (^HOCOCgTL 

I 1 

(db, —(dL 


m.p. 98°, [a]r) —15.8°, hydrochloride m.p. 200° (anhydrous), [a]u 
— 71.9° (in water), is found in the leaves of EryUiroxylon coca. [Pro¬ 
duction on a technical scale: Duilius^ Chem.Ztg. 54 (1930), 31; 
ChernnitiuSy J.pr. 116,276. ] It is used in the form of its hydrochloride 
as a local anesthetic; large doses are fatal, due mostly to paralysis of 
the respiratory center. When warmed with hydrochloric acid it de¬ 
composes into eegonine (tropinecarboxylic acid) (p. 345), benzoic acid 
and methanol, while in boiling water it gives benzoylecgonine and 
methanol. Conversely, cocaine can be formed from eegonine, ben- 
ztjylecgonine and eegonine methyl ester, either by benzoylating eego¬ 
nine methyl ester or by esterifying benzoylecgonine with methanol. 
Because of this, several other alkaloids of the cocaine group, cinnamyU 
cocaine (methylcinnamylecgonine, m.p. 121°) and truxilline (methyl- 
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a- and /3-truxilloylecgonine) (Liehermann, Bergamd, Ber. 22, 783, 
footnote), are technically valuable, because th(\y yield ecgonine 
methyl ester and ecgonine on fission {Scrnhritzki^ Ber. 22, 2960). 

oudococaine, (hydrochJorido, m.p. 208", [^Id -f U).8°, in 

V r), found in snuil! <iuaritity in t.hn inixlure of cocaine l)asc.s (Lirhrrniann, 
irse!, BiU’. 23, 920), has Ixuni syntliosizod from d-pseud()e,cp;onin(? (.see; hclovv) 
{Einhoni, Marquardl, B(‘r. 23, 982; WillddlUr, Wolfes, Mddt r, Ann. 434, 120). 
A /-psevidococaine has also I)ecnprepared {ioc. cil., p. 12r)). dZ-Cocaine, rn.p., 
79-SO", oidaiiu'd syntliotically (see hiilow, and WiUstdttcr, Bomour, Ami. 422, 
15; Wilhldlter, Wolfes, Mdder, Ann. 434, 111). d/-Pseudococaine, m .p. 81.5", 
obtained synihetically (see below, and pre(‘(‘din‘^ reb'nnice). 

Tropacocaine, benzoyl ~\p-tro pi fie, (Vddj^NCb, m.p. -19", occurs in small amounts 
in the coca alkaloids. Wlnai decomposed it ^yields benzoic acid and i/'-(ropine, 
m.p. 108", b.p. 211 ", which is a stereoisomm'of trojhiu’!, sinct'it is also I’ornnal by 
th(^ rcMluction of tropinomu oxidizes t.o tro]>inone and is produced directly from 
tropine by nvarranj^imu'nt with sodium amylate. Oxidation with l\Mn ()4 con¬ 
verts 0-troi)ine to ^-trojiij^enine, which, like tropif^eniiKi (p. 342), yi('lds nor- 
tropinone when oxidized {Willsidtter, lk‘r. 29, 936, 1636, 2231; Barroiecliff, 
Tntin, ,1.95, 1966). It also acts as ;» local anesi hetic. 

Oude cocaine contains small ainvnnits of hygrine, CrHi/jON, b.p. 92 9-1" (20 
mm.), which is l-methyl-2-acetonylpyrrolidine (see p. 330). 

Z-Ecgonine (1), tropinecarhoxylic acid, • IbO, m,j>. 205" (anhydrous), 

[o-Jd —45.4", is the basic dca'om posit ion jw’oduct of /-cocaini'. Metliyl (vster: 
hydrochloride m.p. 212" (dec.). Warming with acpieous f)oiassium hydroxide 
converts /-ecgonine to d-^-eegonine, m.p. 254°. For (isbn-s, amides, and nitriles 
of llie ecgoniiies, see Deckers, EinJiorn, Hen*. 24, 7; Eliihorn, dr EorwaK, Ber. 26, 
962; for the alkyl iodide* addition i)ro(lucts, see Hesse, J.pr. 65, 91. Both /- and 
d-(\cgonine are oxidiztHi by tlr( b t,o /-ecgonini(! acid, 1 -nu‘thy 1-5 -oxo-2-]>yiTolidin('- 
actdic acid (II), m.p. 117°, wliose racemic form, m.p. 94°, is oblainer] t.ogether 
with tropinic. acid (p. 50) by the oxidation of tropim; with (lr(b, and, synthetic¬ 
ally, from /3-bromoadipic acid with mcdhylamine {Willsialfer, Hollander, Ber. 34, 
1818). For oth(;r dtH’onjposition products of (‘cgoniiH?, se(! tlui rcniction scheiru' 

on p. 346. 
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d/-Ecgonine, se(^ page 346 „ 
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ecgonine, has been pn^panul by adviiug hydrocyanic acid to tropinoiui (p. 342) 
and saponifying tlic cyanohydrin (Ben. 29, 2216). 

Anhydroeegonine, (!l9Hi3N02. m.p. 234° (formula Ill in the diagram Ix'low), is 
formed from eegonim* hydnxdiloi'idt* by boibng witli pliosj>horus oxychloride 
{Einhorn, Ber. 20, 1221)Reduct ion converts it to hydroecgoiiidine, (bHibN02, 
m.p. 200°. 

The relation of ecgonine to tropim* is evident from the rearrangement of 
anhydroeegonine wKiui heated with liydrochloric acid at. 280° (with simultaneous 
decjirboxylation) to tropidine, wdiich was first obscrvc‘(l by Kinhorn (Ber. 23, 
1338). Tropidine is also ol)taiu(“d by reatding hydroeegonim* amifle, ((' 8 Hi 4 N)- 
(lONIb, with KOBr and treating the isotropylamine, (CnII nN) NH 2 , «o formed 
with nitrous acid {Wilhidder, MuUer, Bor. 31, 2655). 

Decomposition of Ecgonine.—donvi rsion of ecgonine to tropinmie and cyclo- 
heptemone : The position of tln^ carboxyl group in ilu; l.ro})ane ring of ecgonine (1) 
is indicated by ilie oxidation to tropirione (Tl) with chromic, acid, sinct^ the loss of 
CO 3 is characteristic of the oxidation of / 3 -hydroxycarboxylic acids {Wilhtdtter, 
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Muller, Ber. 31, 2655). If arihydroec^onine (III) (see below) ifi csterified and 
treated with methyl iodide, a methyl jodide addition product (IV) is formed. 
This is converted by moist silv(;r oxide to anhydro(;cgonine mothylbetaine, which 
is decomposed by boiling with alkali to dimethylamino and tropilidenecarboxylic 
acid, 2,4,6-cyclolieptatnene-l-carboxylic acid (V), m.p. 32° (amide, m.p. 125°). 
The constitution of tlui latter is known from its reduction to cycloheptanecar- 
boxylic acid (VI) and the conversion of the latter through the bromo or hydroxy 
derivative (VII) to cycloheptanone (VIII) {Willstditer, Biu’. 31, 2498): 


(I) (III) (IV) (V) 

CH 2 -CH-—CH COall CIL-CH—CHCO 2 H CH 2 —CH-CHCO 2 R CH=CH—CHCOjH 


NCH 3 CH(OH) - 
Cllj-CH—CH, 

(ID 

CH,—CH—CH, 
NCHa io 

. I I 

CH 2 -CH—CH, 


NCH, CH - 

I II 

CH,—CH—CH 
(VIH) 

CH!-t;H,-CH, 

('» < 

I 

CH,~Cn,-CH, 


I 

IN(CH,), (511 

I II 

CH,—CH-(HI 


CH 

CH=-CH—I:h 


(VII) (VI) i 

CH,—CH,-C(OH)CO,H CH,—CHr-CHCO,H 

(HI, <— I 


CH,—CH,—CH, 


CH, 

I I 

CH,-CH,-CH, 


By a similar s(!ri(‘s of reactions, liydroecgonidine is converted to hydrotropil- 
idenecarboxylic acid, cyclohoptadienccarboxylic acid {Wilbldltcr, Ber. 30, 702; 
31,2501). 

SyrUhcKls of I<Jc,gomne.—The. conversioji of eegonine to tropiiione (II), which 
constitutes a lunv t,ransition from cocaine to atropine, is reversed by the synthesis 
of eegonine from tropinone. Tropinone (]>. 342), obtained from tropine, is 
partially converted to raciunic eegonine by trcat.ment. with Na and CJO 2 {Will- 
stdtter, Bode, Ber. 34, 1457). 

Willstditer and his cowork(n-s {WillsldlUr, Pjnnnenslid, Ann. 422, 1; Will- 
sidtter, Bonimer, ibid., 15) have developed a simpler synt hesis for dLeegonine, and 
thereby for coijaiiK!, stn.iiing from d-oxoglutaric acid. The potassium sail of the 
ethyl ester of this acid (IX) is con verbal electrochiunically to p,e-dioxosuheric acid 
ester (X), whicli, being a 1,4-dik('tone, reacts witli metiiylamine to give l-mcthyl- 
2,b-pyrrolediaeeU(: ester (XI). This is catalytically hydrogenated (Pt 4- IL) to 
the corresponding pyrrolidine derivative (XII), wliieh urnlergoes an intramolec¬ 
ular acetoacetic ester condensation, forming iropinonecarhoxylic acid ethyl ester 
(XIll) (which is also obtained from tropinone by partial synthesis, see above). 
This can be reduced to eegonine ethyl ester, whicli, after transformation to the 
imdihyl ester (XIV), can be benzoylated U) dl-if-rornine: 


K !OOC V C d 1 2 ■ (X) • Cl L • COOC2IL 
i : (IX) 

KiOOCi'ClIo-CO-CIL-COOCsllr, 
1 j 

HCiC-CIL-COOCoIIb 

I 


^ NOIL (XI) 
HC:(1:-CH!-C00C,H, 


H,(5-C0-CH,C500C,H, 

—> I + ii,nc;h, (X)—k 

IljCCOCIIi-COCK;,!!. 

H,(5 • CH-CH, • COO(:,H. 

I 

NCH, COOCiH, (XII) -» 

I I 

11,(5-CH—CH, 


H,C-CH • CII- 0000 , 11 , 
NCnj 50 (XHI) 


11,C-(*511 


I 

ClI, 


11,0 (511 • CH -COOCH, 
NCH, (!5H0H (XIV) 
11,0-(^IH • /jll. 


Anot-her synthesis introduced by Willstdttcr and his ooworkers {Willstditer, 
Wolfes, Mader, Ann. 434, 111) is ba.sed on the preparation of methyl tropiuoiie- 
carboxylate giviui on p. 343. Wiien the preparation is conducted on a large 
scale, reduction of the ester yields three racemic egonines. The following out¬ 
line shows the compounds so produced and the cocaines obtainable from them: 
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benzoylation 

->d/-^-Cocaine, m.p. 

81.5° 

rf/-^-Ecgonine in(jthyl ester, 
m.p. 128° 


rearrangement 
by aikali 


benzoylation d-vf'-Cocaine 

-►(natural d-cocaine) 

-^/-^-Kc'gonirie methyl ester, 

-m.p. 116°, [a]o 4- 19.5° 
/ (water) {loc, cii.^ p. 124) 


Z-i^-h^cgoninc iiuH-hyl ester, 
m.p. 115°, [a]D‘~14.7° 
(methanol) 


/ ' (/-Cocaine, m.p. 

98°, [ah, +15.8° 
{loc. cit, p. 132) 

m.p. 195° ated ui.p. \ /-Cocam4,m.p.98°, 

-16.5° (natu¬ 
ral /-cocai/ie) 

(//-Ecgonino (by hydrolysis of the methyl est(u), m.p. 225° (anhydrous), 
not resolved up to the present time {loc. cit., p. 114) 


The Spatial Conjlguraiion of Ecgonine 

A comprehensive theoretical explanation of the spatial relations in 
the tropane system has been devised to include the numerous racemic 
and optically active eegonines and cocaines, not all of which are syn¬ 
thesized by the plant IWillsldtter, Bommery Ann. 422, 18). This bi- 
cyclic ring system may be considered to consist of three segments, 
whose planes intersect in the line of the bond between the two CH- 
groiips (Fig. 1). If this line is placed at right angles to the plane of 
the paper, then Figure 2 represents the projection of the three tropane 
segments on that plane. 



Figure 1. Tropane. Figure 2. 

Substitution in the 3-position of tropane (tropines) should give two 
cis-trans isomeric tropines. If a caAoxyl group is also substituted in 
the 2-position (eegonines), then for each of these tropines there are 
two cis-trans isomeric eegonines, which, because of the asyminetry 
conditioned by the entrance of the COOH —group in the 2-po8ition, 
give racemic modifications. There are therefore four racemates of 
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H,; n/ COOH iu 

Tropane-3 cis- 

carboxylic acid 


Oil 


Tr(>pano-3 trans-o\--2 as- 
carboxylic acid 


COOH 

I 


U,CN/ ' 

Tn)pane-3 ciV<)l-2 Irans- 
carboxylic acid 


)H 


coon on 


n^cN/ 

Tropaiic-3 trans-oi-2 trans- 
carboxylic acid 


ecp;‘'>iiiiie, which are illustrated by the accompanying schematic for¬ 
mulas (c?‘s- and Irans- refer to the relation to the nitrogen segment). 
Of these, three are known. One belongs to the series of natural co¬ 
caine, a second to i/^-cocainc. 


d'iu’. principal alkaloid of the ponH'graiiaf(i root bark (Ptmlca granaium) is 
])sc'ido[)cl]('-tiorioc, discfivcrcd by Tanni (1ST9) and named after the Frenchman 
PeUHicr. From tlieir reactions, most, of which wert^ investigated by Ciarnician 
and Siibtr (Her. 25, 1001; 26, 150, 2740), they appear to b(' similar in structure 
to t he trt)j)an(5 alkaloids. In their natural occurrence th(‘y an^ a.ssociated with a 
sc‘ri(\^ of monocyclic alkaloids, which liav(^ been treated on p. 335. 

Pbl£Ui)OPELLETIERINE, methtflgramtoninr.y ('yH,r,()N (1), m.p. 48°, b.p. 
2h3°, optically inactive, is a ring homologiK* of tropinone (p. 342), and, like it, 
forms a dibonzylideno and a diisonitroso derivative, indicating the pnvsence of the 
group —(db-CO-Crb - [Picvmini, Atti accad.Lincei [5] 8 (1899), I, 3921. 
On rixiuction it gives llie alkamim^ corresponding to y'-tro])ine, i/'-mothylgrana- 
t(jlim‘ (11) (in electrolytic reduction the stereoisomoric met hylgranatolinc is also 
formed), which is o.xidized by chromic acid first to pseudopelletierine and then to 
methylgranatic acid (HI), analogous to tropinic acid (p. 50). Methylgranat.ic 
acid lias been converted by exhaustive motliylatioii to siibeih; acid: tlie methyl 
iodi<'t' of methylgranatic acid est(T (IV) is split by alkali to the so-called dimetliyl- 
gr.iniitic acid, whose methyl iodide yields with alkali hoinopiporyhmic acid (V); 
tlu.-i r(“iuces with sodium amalgam to suberic acid (VI). With HI and phos¬ 
phorus, TTKithylgranatoline is reduced to methylgraiiatauino (VH) |which is 
also obtaiiuid directly from metliylgranatonine (1) by electrolytic reduction: 
WiKiu’cUin', Veraguth, Bor. 38, 1980) and granatanino (VHI). Granatanine 
hydrochloride' is converted by distillation with zinc dust to 2-propylpyridine (IX), 
couyi’ine (p. 205). 


(II) CII,--CII—CII 2 

I I J 

-CITo NCIH CHOH 


CH^-Cn—CH2 
(VI) GH.-Cdls—CH^ 

I I 

CIT^ CO,H 

bis—CHs—COjH 
(vil) CIIs -CTI—CHs 
-»bls NCH, bis 

bis-bi—in, 


CH2--CH— 

-CII2 

1 

(III) CII2—CH- 

-CHa 

1 1 

CIH NCHa 

io ^ 

1 j 

- CH2 NCH, 

j 

CO2H 

1 1 
CH2—CH— 

-CH2 

1 1 

CH2-CH- 

-CO2H 

CH=-CH— 

1 

-CH2 

1 

(IV) Cfb—CH- 

-CH* 

1 

CH2 

1 

CO2H 4 - 

1 j 

- Clh INCCHa): 

1 1 

CO2R 

CH-=:cn-~ 

-CO2H 

CHj—CH- 

-CO2R 

CH2-CH— 
1 1 

-CH2 

(IX) CH C 

-CH, 

1 

CH2 NH 

1 1 

j 

OH2 — 

— ► Sh It 

CH, 

1 

CHs—CH— 

j 

-CHa 

1 1 
CH=CH 

CH, 
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By elimination of water from metliylgranatoline with glacial acc^tic acid and 
couceiitratocl H 2 SO 4 , methylgranatenine (X) is formed; as tropidine gives cyclo- 
lu^ptatriene, so this is converted by exhaustive methylatiou to cydodctatriene 
(XI). WUlstdtter was able to introduce another doubles bond into tins triene 
by means of the dibromido, and so obtained tlu^ intc,resting ring homologiu^ of 
benzene, cyclodctatetraenc (XTI), a yellow oil {Wiltsiditcr, IVascr, Ber. 44 , 3423; 
IVillsidtter, Heidclberger, Ber. 46, 5i7). 


(X) CTL—CH- 


ciL—cn- 


CIL 


-CII 


cih HON(Cn3)3 OH 
inj—cH-= 


-CII 

GIL CAl- CHI 

CIL -CH - 

-CH 

il 

1 1 II 

1 

11 

CH - 

c'li, iion(c;h3)2 ch — 

-^CIL N(C[L)2 

CH 

1 

1 

-CH 2 

1 1 1 

CH 2 CHI CIL 

1 

(HL-CH— 

1 

:-(HI 

-CHI 

11 

(XI) CH=CH (HI 

1 II 

(XII) HCV-.d!- 

1 

~(H1 

11 

(JH - 

1 

1 II 

-> (HL (41 

Hc; 

II 

CII 

0 - 

1 1 

CiL -CH^Cn 

II 

HC-(HL 

j 

-(in 


By this metliod mothylgranatanine giv(‘s J ,r)-cy(‘lodctadi(mo. Und(T sortunv’hat 
fliff(‘>rent conditions, m(4liylgra.na,t.etiiru‘ decomposes io gi'anatal, OxHi/), 3-cy('lo- 
ocUuione, the ana.logu(‘ of tr()])il(nu‘ (p. 343) \Ciani/cian, Silber, Bit. 29, 4Si; 
WitlsiditfTf Veraguth, B(;r. 38, 197r>; WilLsfdtlrr, IfasTr, Ber. 44, 3423; Pic- 
rinini, Gazz. 29 (1899), H, 194; Atti aecad.Lincei 15] 8 (1900), II, 219; Picemini, 
Quarlaroli, Gazz. 29 (1899), IT, 115]. 


IV. ALKALOIDS OF THE QUINOLINE GROUP 


CYTISINE, vlcxinc, sophorinCy CuTIi-tN-iO, m.p. 152°, b.p. 218° (2 mrn.), 
occurs in tin; seeds of CytiHiis labin'nu/n and other varietit^s of CytisuSy and of 
Sophora tomeniosa and speciosa [Partkicly Ihn-. 23, 3201; 24, 634; Arch.Pharm. 
232 (1894), 101; PlaggCy Arch.l’hann. 232 (1894), 444, 557; 233 (1895), 430; 
Gorinery Arch.Pliann. 233 (1895), 527; Paitwerduy N<Hl( 5 rl.Tydschr.Pharm. 12 
(1900), 101]. Cytisine contains an imino group: acetyl dcrivaiivey m.p. 174°, 
benzoyl derivative m.{>. 116°. Wit.h concent,rab‘d iiilrie acid it gives a nilronitroso- 
cytisine, from which tlic uitroso group can be eliminated, leaving nitrocytisine, 
which can be reduced to arninocylisine. With hydrogen peroxide it is oxidizcMl to 
hydroxy cytisine y CnH]jN 2 G 2 - Reduction with HI and phosphorus yields, among 
other products, cytisoliney CnHuON, m.p. 199° (see below), wdiich is oxidized by 
CrOa to cyiisolinic acid, C 11 H 9 NO 3 , aiid reduced by Na and alcohol to a-cytisol- 
idine, CiJIisN (platinum chloride, m.p. 216°). When reduc(‘d electrolytically 
cytisine gives a base C 11 H 22 N 2 {Frctindy Horkheimer, Ber. 39, 818). 

Knowledge of the cons:titTition of cytisine has l)cen gained mostly from the 
reduction products with hydriodic a.ci<i. ('* yiisoline , (-nlTuGN, has been proved 
by synthesis to ha h,H~ilit)iethyl-2-qui/wlinoh (Spalh, Mo. 40, 93) ; tlie a-cytisol- 
idine, CuHjf.N, obtaimul fi’om it by reduction is 0yf^-dimcthyl-1,2,3,4-tetrahydro- 
quinoline (kwins, ,]. 103, 103). Therefore cytisine is cerbunly a quinoline 
derivative. Its exact constitution is not known (r/. Spdth, Mo. 40, 15, 93). For 
proposed formulas, see Spdth, Z.angew.Ohem. 1928, 1260. 

Anagyrine, C 15 H 22 X 20 (?) , which is closely related to cytisiius is found with it 
in the seeds of Anagyris foelida [Schmidt, Arch.Bliarm. 238 (1900), 184]. 

The alkaloids wdiich are derivatives of 4-quinolinol are similar in structure to 
the 4-pyrone or chromone compounds, which are also often produc(Kl by plant 
syntheses. 

Echinopsine, C 10 H 9 ON, m.p. 152°, a simple alkaloid of this typo, is obtained 
from the seeds of Echinops rilro. It is l-methyl-4-quinolone: 
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0-CH, 


Thin structure is supported by its conversion with PCU to 4-ohloroquinoline and 
if/S reduction with Na and alcohol to 1-methyltetraliydroquinolinc (Spdth, Kolbe, 
Mo. 43, 469). 

The following alkaloids, which are almost as sirnpk; in constitution, occur in the 
angostura bark (Galipea cusparia), wdiich is native to South America: 

Galipine (I), CkoTlsiOgN, m.p. 113.5°, and cusparine (II), CjgHnOsN, m.p. 
92® (isolation from the bark : , Sp&th, Eherstaller^ Ber. 57, 1689). 

Galipoline, C^ioHioCaN, m.p. 193° [Spdth, Papaioanou, Mo. 52, 129). 

These are tertiary bases. Galipine contains three metho.vy groups, and 
cusparine contains one. Both bas(Ls yield proiocaiechuir acid on alkali fusion. 
Th(^ structuni of the sijcond half of the molecule follows from tln^ results of chromic 
acid oxidation. Galipine gives A-methoxyquinoli‘tie-2-carhoxylic acid [identical 
with the methyl ether of kynurenic acid (p. 242) and Spalh, Brwimr^ Ber. 57, 
1245] and veratric acid. 

OCH3 OCII, 

OCM, /O—CH, 

-OIL • c:h,--<^3och, - cn, • cii, 0 

(1) (II) 

These formulas, deduced from the analytical results, are verified by the syn¬ 
thesis of galipine from 2-methyl-4-methoxy(juinoline and veratraldehyde, and (rf 
cusparine from 2-methyl-4-methoxyquinoline and piporonal, tlie unsaturated 
bases first formed being reduced {Spdth, lirvnncr, Ber. 57, 1243; Sp&tk, Kber- 
stallcTf Ber. 57, 1687). Galii>oline has a free OH-grouj) in the 4-position of the 
quinoline ring. It can be converted to galiiune by methylation. 

In the group of skiuimia alkaloids lliere are si^veral naiurally occuring sub¬ 
stances which contain a quinoline ring fused with a furan ring. Their structure 
is known through their oxidative diHjomposition to quinoline derivatives of known 
constitution by Asahina. 

Skimmianirtej (^j 4 Hi 304 N, m.p. 176°, is obtained from the leaves of Skimmia 
japonica. This compound contains an ether-like oxygen atom and three methoxy 
groups, of which one isomerizes whim treated with Clfsl to an N-methyl-4- 
quinolone, a reaiijon typical of 4-mothoxyquinoIjnes, while the other two are 
evidently ortho to one another. 

The oxidation of skiinmianine with KMnO^ yields the aldehyde skimmianal, 
CisHiaOfiN (m.p, 238°), containing one les.s carbon atom, and the corresponding 
skimrriiaiiic acidy CjaHjaOeN (m.p. 248°), which i.s converted by decarboxylation 
and iiartial demethylatioii to 7fS-dimcthoxy-2A~Quinolinediol (m.p. 250°), 
These experimental results are best expressed by (III) for skimmianine and (IV) 
for the acid decomposition product {Asahina, Nakanishi, Ber. 63, 2057): 


OCH, 

/NA- 


(IIT) E 




Skimmianine (B. = OCHj) 
Dictamnine (R =* H) 


OCH3 

1 ! cv) 

Skimmianic acid (RaeOCHa) 
Dictamnic acid (R = H) 


Dictamnine, G,2Hfl02N, rn.p. 132°, occurs in the leaves of Skmimia repens and 
in, the root, of Dictamnus, Its constitution as the methoxy-free analogue of 


constitution as the methoxy-free analogue of 
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skimmiamno follows from analogous docomposifion reactions {Asahinay OhUiy 
htubuse, Bor. 63, 2045). 


V. QUINOLINE-QUINUCLIDINE GROUP: 
CINCHONA ALKALOIDS 

Cinchona barks {cortex chinac) arc derived from various Cinchona 
species, native to Bolivia and Peru and now also cultivated in Java: 
Cinchona calisaya^ C. lancifolia, C. pitayensis and ruhiaceen. They 
contain, in addition to tannin, a bitter principle, quinovine {Wielandy 
Erlenhachj Ann. 453, 83), and quinic cundy a series of bases, the most 
important of which are: 

Quinine.C2on24N202 Quinidine (conquiniiie)... • C 2 oH 24 N 2()2 

Cinchonine.• C] 9 H 22 N 20 (3nchonidine.C 19 H 22 N 2 O 

Hydrormchonltu’, citichotinry ( M 9 H 21 N 2 O, is associated with cinchoiiiim {Hesse^ 
Arm. 300, 42; Arit, Alo. 20 , 425), and CMprcine (p. 352) is associated with 
quinine. 

QUININE, (y 2 oH 2 . 4 N 202 + 3 H 2 O, m.p. 173° (anhydrous), 
[aYjj —158° (alcohol), crystallizes from alcohol and ether in silky 
needles. Quinine was discovered by Pelletier and Cavenloxi in 1820; 
it is one of the most valua})le medicinals, especially for intermittent 
fevers, such as malaria, and is an antidote for many infections pro¬ 
duced by microorganisms. It constitutes up to 12 % of the yellow 
calisaya bark. It has an alkaline reaction and a bitter taste, and, 
being a diacid base, forms primary and secondary salts. 

Of these salts t,h(^su[fat( 5 , ((hoH24N202 )2 *112804 -f- 8 H 20 ,and the hydrochloride, 
O 20 H 24 N 2 O 2 -HCd + 21120 , an; use<l medicinally. TIk^ former forms long, shiny 
needles whicli fall to a white powder when exposed to the air. It dissolves in 
dilutfi sulfuric acid, giving a solution with a blue fluorescence. 

When a solution of a quinine salt is treatcul first with (dilorine or bromine water 
and then with ammonia, a green precipitate is formed; this rodissolvos in oxc(^ss 
ammonia with an emerald-green color (thalh'ioquinic reaction). Alcoholic 
iodine solufj(m add(Hl to Hie ac(*tic aci<l solution of the sulfat(‘ precipitates hera- 
pathite, 4Q-3 H 2 SO 4 -2 HI -L -f 3 HvO, which crystallizes in emerald-green plates 
with a golden luster and polarizes light like tourmaline. 

CINCHONINE, C 19 H 22 N 2 O, is associated with quinine; it occurs 
principally in the grey cinchona bark {Cinchona huanaco) (up to 
2.5%). It crystallizes from alcohol in white prisms, sublimes in 
needles in a current of hydrogen and melts at 264°; [a]D +229° (abs. 
alcohol). Like quinine it is a febrifuge, but a less effective one. 

Quinidine, m.p. 171°, [q:]d +229° (abs. alcohol), and cinchoni- 
dine, m.p. 202°,[ajn —111°, are shown by their reactions (see below) 
to be stereoisomers of quinine and cinchonine respectively. Cin¬ 
chonine can be converted to cinchonidine by heating with KOH in 
amyl alcohol {Koenigs, Husmann, Ber. 29, 2185). For the stereo¬ 
chemistry of the cinchona alkaloids, see Robe, Ann. 373, 85. 

Cmstitution. —Quinine and cinchonino are unsaturated, ditortiary bases. 
They form primary and secondary salts, and add one or two mole<mles of alkyl 
iodide. The monoalkyl iodides exist in two isomeric forms, one colorless and 
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the other dark yt^llovv; the former is oldained l\y eoinhining llu‘ free base with one 
molar f)ro})ortiou of alkyl iodide, and the latter by wanning th(‘ inonoiodol^ydrate 
wiUi alkvl iodide and then treating with anunonia (^V.Taw/;, v. Norwall, l>er. 26, 
1968). 

In accordance with their unsalmated siructiire, quinine and cinchonine add one 
niolecnle of }iydrog<n) halitie aiul two atornh oi InonuTKe Tlu'. dibromides con¬ 
verted by alkali first to nionohromoquuLitu’ and nioftohromorinrhoninc and then to 
dehydroquiiiinv an<i drhydrociuclKminc, (h(,Hi! 2 N />2 and Ciorf 2 nN 20 (Conistoch:, 
Koenigs, Ber. 19, 2(856; Christrnsrn, J.pr. 69, 192). For the addition of sulfur- 
ous acid to quiniiu^ and quinidine, s(‘e Kotnigs and Sclionewald, B(‘i‘, 35, 2980. 
With hydrogen! and colloidal platinum, quinine, (piinidine, cinchonine and 
cinchonidine add 2 atoms of hydrogmi to form (he l)ases: kydioquin,ine^ m.p. 
172® (anhydrous), —112.2®; hydroquinidine, m.p. 167®, fttjn + 230® 

hjdrocinchonine {cinchothie), m.j). 26)8®, [oln -f2()4.5® (alcohol); and hydro- 
cinchonidme {cmchamidine), m.p. 229®, («|d —98.4® (ahjohol). These hydro¬ 
genated derivatives have also b(‘en found together with quinine and cinchonine 
in the cinchona barks {Knorr, Hess, Ber. 44, 2866; Stiia, Ber. 45, 3317; Heidel- 
herger, Jacobs, Am. 41, 817). 

With strong rniiuTal acids tlie cinchona alkaloids rearrange to isomeric bases: 
isoquifiine, isoq\iinidln.c, isocinrhonhic, and isocinchonidine. The reaction of 
hydrohalogen acids with cinchonine at room t(*,mp(!rature has be(m investigated 
in detail, siruu' both th(' liydrogcm halide addition product of cinchonim? and a- 
isocinclnmine ani fornuid simultaiu'ously; the mechanism of this isoirnsrization 
has been clarified {Rahc, Hdttchcr, Bt'r. 50, 127). a-Isocinchonine has beem 
identjfic'd as the oxide, of hyfiroxydihydrocinchonine (see formula) {Skraup, Mo. 
20, 571,585; 22, 171,253; Rdtlrher, 'llorowitz, Mo. 32, 793). 

Th(‘ following formulas for quinint* and cinchonine have been firmly established 
by nutmu’ous inv(\stigati()ns, by Koenigs, v. Miller, Rahe, Rohde, Skraup and 
others (/vomfj 7 .s, Ann. 347, 143; Rabe, Ann. 350, I8t); 364,330; 365,353): 


CIL--CH 


*(dI-ClI - (dL 
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Cli, 

(hlj OH 

I I 

cUI 


(Juiliiiu! 



Cinchonine 


il’c;— i'li —cm., [7] c:!!,—CH—HC— ch— en. 



Pubane a-Isocinchonine 


Quinine is methoxycinchonidino or O’-methoxy-3-vinylruhan-O-ol, since the 
hypothetical parent, compound of quinine has been given the name rubane (see 
formula and Robe, Ber. 55, 522)^ When quinine is heated with hydrochloric acid 
at 150®, the methyl group is split off, leaving apoquinine, m.p. 210° (dec.), 
[of}n —178® (alcohol); in the reaction there is a simultaneous transposition of the 
molecule. Demethylated quinine, hydroxy cinchonidine, Ci8H22N80a, has been 
found in China citprea, a bark derived from Remija pedunculata, and is termed 
cupreine, m.p. 198° (anhydrous), [a]y —175° (alcohol). With methylating 
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agents cupreine gives quinine {the methyl ether of cupreine), and with liydrochloric 
acid at 140®, apoquiTiine. 

Catalytic rivhn-tinn of vinyl group of cupreine yi(4ds hydrocupreine, ('loThji- 
N 2 O 2 , which can aCo Vxj ohl,allied by dom(.‘lhylation of diliydroquininc [Kellyer, 
Ber. 49, 55; (he nsu, Halhfrhtim, lier. 51, 13135). 

Oxidative DccouijxiHdijn. of the Ciurhona liases. {Koenigs, Ih'r. 35, 1357; 
Rahe, Ber. 49, 2753). Cinchonine (I) is convertiMl liy (careful oxidation \\ilh 
chromic acid to tln^ k(‘ion(‘ (torrespouding to the secondary ah’ohol, chichoninone 
(II), m.p. 120®, from whicii einchoniiK' can be regmu'raUsl l>y naliK'tion. (^’li- 
nine, on similar ireaiue'nl, vicids qniirinoftr, m.p. 108®. The kiitones obtained 
from ciiichonidine and (tnirndiiK' {in* idcuificai with cinchoninoiH' and quininone. 
Strong oxidation with cinoinic acitl (h'composes cinclionine and quinine to 
cinchoninic.acid (4-quinolin<'carboxylicacid) fl\') (p.241) ovquinirac.id (inelhoxy- 
quinoIine-4-carboxylic acid) and ynernquinene (111), m.p. 224® (dec.) (juepoy* 
portion). Tlie latter, on furtlun* oxidation with KMnO^, giv(‘S cituiioloipanic 
acid (XotTTo^, remaining), 3-carl)oxy-l-jhpcridiiK'aci'tic a(‘id, m.p. 222® (an¬ 
hydrous) (V), and then loiponie acid, h(‘xahy(lroeinchomeronic ae.id (VI), m.p. 
259®. With the (;alcula(.ed amount of dilu1(‘ permanganale .solulion, cinclioiiine 
is o.xidized, with simultaneous (‘limination of formic acid, to cinchotenine 
m.p. 197°, and quinine i.s similarly oxidized to ()uinol<;pin(‘. 
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For the action of ozom^ on the (dncJiona alkaloids, see K(‘vklrs,Moe.. 42, 59. 

With hydrogen peroxide, crysialliiic N-oxides are formed {Speytr, licrirr, Ber. 
55, 1321). 

The primary oxidation product, of cinchonine, cinchoninonc, m.p. 127®, is a 
tautomeric sulxstance. In the keto form it forms an oxime, and in the eriol form 
it reacts with acetyl and benzoyl chloride to give the eorrecponding acetyl ami 
benzoyl derivatives, (linchoninone is diTomposed by tla^ action of amyl niirate 
and sodium ethylate tocim'lioninicacid and isonitrosoviriylpiKnuclidine (VIU), an 
inner amidoxime which yields hydi'oxylamine and rneroquinene (IX) on saponifica¬ 
tion (Rahet Ber. 41, 62; Ann, 365, 353). The fact that quininone, when snb- 
jeoted to the same series of reactions, gives tue vsame isonitroso derivative is note¬ 
worthy from the stereochemical viewpoint {Rabe, Ann. 373, 89). 
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Disintegration of the Cinchona Alkaloids: the Qainatozines (liuhatoxanones: 
Rabe, Bor. 55, 523).—The disiiitcgnition of the bieydic or ‘‘second half” of tlie 
cinchona bases, already noted in their oxidation, occurs with remarkable facility 
in other reactions. When cinclionine (1 below) or quinin(‘, is digested for a long 
time with dilute acetic acid, the bond between the nitrogcjii atom and the neigh¬ 
boring Cil-group is broken, and the CH (OH) -group is converted to a keto-gronp. 
{v. Miller^ Hohdc, Ber. 33, 3214). The velocity of this isomerization increas(‘,s 
witli decreasing dissociation constant of the acid used; it is tluu'efon; greater 
in organic acids than in iniiu'ral acids {RahCt Ber. 43, 33()cS; Biddle, Ber. 45, 527). 
(3nchonine gives the isomeric cinchotoxme (II), m.p. 59°, which, like the corre¬ 
sponding quinotoxine (yellow oil, lajo +38.4°; hydrochloride in.p. 180°), is 
very poisonous and has no antipyretic action. The ‘‘toxinos” from cinchonidine 
and quinidine are idcmtical with those obtained from cinchonine and quinine. A 
similar de(*,omposition occurs when the methyl iodide addition product of cincho¬ 
nine (III) is boiled with alkali or dilute acetic acid. III being eliminated and N- 
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methylcinehot()xiu(‘ (IV) fortiicd; the latter nin also bo oblaitu'd by uieliiylation 
of ciTichotoxino. Willi nitioiis acid ciiudioioxiiic gives a moiioisonitroso com¬ 
pound. The Bcckincmn rearrang<‘nient of this isoiiitrosocinehotoxiiic (V) and of 
N-nuithylciiicliotoxilie oxime (Vl) gives iiit.envsting ])roductK. The former de¬ 
composes into cinchoiiinic acid (VIT) and the nitiile of ineroquinene (VIll). 
Witli N-methylcincliotoxine oxime the rearrangiunent takes two courses, one 
yielding cinchoninic acid (JX) and I-methyl-d-vinyl-l-(aminoethyl)-piperidine 
(X), and the other leading to 4-aininoquinoIine (XI) and N-methylhornomero- 
quiiKiiie (XIp {Kojiigs, Her. 40, 648, 2873; Babe, Milarch, Ann. 382, 365). 

Cimhotoxine has been used for a partial synthesis of cinchonine. With hypo- 
bromous acid it forms a bromoimine, wldeh is converted by elimination of 1 HBr 
with sodium ethylate to cinehoninoiie; the latter can Ix' reduced to cinchonine 
(Habe, Ber. 44, 2088; Jiahe, Kindlcr, Her. 51, 466; see formulas, p. 356). The 
syntliesis of quinuclidiiK^, which is similar to the second part of the cinchona bases, 
has already been described (p. 224). 

DccompoHidori of Cmclioniiie (Udoridc and Quirimv (ddonde (Koenigs, J.pr. 61, 
l).“-\Vhen cinchonine and quinine ai’e tiwitixl with J*(h, cinchonine chloride (1), 
m.p. 72and quinine ridoridr, m.p. 151 are fornu'd. Digestion with alcoholic 
i\()H converts these by elimination of H(‘l to cinchene (II) and qnincnc, which 
are also olitained from cinchonidiiu' and quinidini^ by similar treatment. (For 
the const itutiou of thest' unsaturated derivatives, cf. Habe, Her. 55, 524, footnote.) 
However, when the chlorides of these four alkaloids, cinchonine, cinchonidine, 
quinine, and quinidine chloridi', an' reiluced, the chlorine at.oms are replaced by 
hydrogen atoms, with formation of four ilifferent desoxy compounds: desoxy-' 
cinchonine, dcsoxycinchonidine, desoxyqnminr, and dcsoxyqwmidine. 

Cdnchene and quiiiene dec^oinpo.se with siinu]t,a.neous addition of wniter in two 
different ways. When heated with 20% aqueous nhosplioric acid cinchene and 
quiiiene yield lepidine (IV) or methoxylepidine and ineroquinene (111). 
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On prolonged boiling with bydrobromic acid, cinchene and quinene ^split am¬ 
monia and some methyl bromide and add water, forming apocinchenc and apo- 
quinene: 

C 18 H 20 N 2 (cinchene) + H 2 O = Ci»Hu>NO (apocinchene) 4- NHj 
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By decomposition and partial H 3 mtUesis apocinchon(3 has be(3n idoiitifiod as 
4-(2-hydroxy-;b4-diethylphenyl)quinoline; apoquinoiie is, therefore, 4-(2- 
hydroxy-3, hdiethylphenyl) quinolinol. 

The formal ion of apocirndume, 4-(2-hydroxy-o,4-diidhylphenyl)quiiioliru! (Ill) 
by hydrolysis of cinchene (1), is outlined in the following (equations: 
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The rearrangement of the hypothetical intermediate product (II) into th(3 
phenylqiiinoline d(‘rivative is analogous to the conversion of ol(^finic terpenes to 
cyclic (!ompounds, e.r/., the formation of isopulegol from citronellal. 

Si/nthr.sifi of Cinchona Alkaloid^. —Since tin' convc'i’sion of cinchotoxini^ to 
eiriclioiiinc' has alniady be(m described, only the formation of tlu^ second half of 
tlu^ cinchona alkaloids is necessary to complete a total synthesis. This may be 
considered fiilfill(id by the syntluisis of quinmlidine (p. 224), S-ethylquinucUdine 
(p. 224) and nncholoiponic add (p. 225), on the one hand, and of cinchoninic 
acid or quininic acid, on the other. However, the fusion of the two sections is 
still lacking. Some promising work has been done on this problem {Rahe, 
Kindlcr, B(‘r. 51, 1360; 52, 1842; Rabe, Kindler, Wagner, Bor. 55, 532). Ac¬ 
cording to theses iriv(3stigatio!is, the quinuclidino s(‘ction can lx; introduced into 
th(3 ir)ole(!ul(! as homocincholoiponc (1); at the t)r(3sent time, however, no total 
synthesis for this compound is known {Koenigs, Otlmann, Her. 54, 1343). To 
form dihydrocinchonin(3 the homocincholoipone is coridcmsed with ethyl cincho- 
ninate by an ac(3toacet,ic ester condensation to the 1,3-oxocarboxylic acid ester 
(11), which is easily converted to ruhaioxanone (III). At this point the synthesis 
becomes analogous to the partial synthesis of cinchonim^ from cinchotoxine. In 
this simpl(3r case it proceeds through IV to the vinyl-free d-rubanone (V) and then 
by rcducdion to 9-hydroxyrubane (VI) (Qu = 4-quinolyl). 
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(VI) 9-Hydroxyrubane 


The exceptional curative action of quinine has instigated many attempts to 
prepare a more efficacious derivative. Ethylhydrocupreine is used medicinally as 
o'ptochine, and the isoamyl- and isooctythyclrocupreines as eucupine and vuzine. 
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VI. ALKALOIDS OF THE ISOQUINOLINE GROUP 


1 . Several of the alkaloids of the aiilialonium base type have 
been identified, principally through the investigations of Spdth, 
as simple derivatives of isoqninoline. They are obtained from the 
flower substances of Anhalonium Lewinii, A. Williamsi or A. Jlssnra- 
turn, 

Anhalamine, CiiHinOaN, m.p. LSr).5°; anhalonidme, CjaHnOaN, in.p. 154°; 
anhalonine, C12H15O3N, ra.p. 85°; pellotine, Gi3lTi9t)3N, m.p. 110°; lophophorine, 
C1SH17O3N, }$irup- 

All these bases are derivatives of l,2,S,4-t<itrahydroisoquinoline-C^,7,S~iriol (1) 
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The determination of the constitution of these has(is was accomplished with the 
aid of a similar base, mezcaline, CuHnOsN, b.p. 180° (12 mm.), wdiich had al¬ 
ready been proved by synthesis to be trimethoxyphenethylamine (Spdth, Her. 40 
129; 42, 263). The relationship betw'cim this substancfi and the anhalonium 
bases is evident from its formula: 


ILCOr^ 


CII2 



OCH, 

Mezcaline 


and also from its condimsation with formaldehyde to the bicyclic anhalonium 
bases (Spdth, Mo. 42, 97). 

The position of the free hydroxy group has been (established by synthesis for 
all the alkaloids. 

Syntheses: anhalamine (Spdth, Roder, Mo. 43, 93); anhalonidine and pcllo- 
tine (Spdth, Mo. 42, 97); anhalonine and lophophorine (Spdth, Gangl, Mo. 44, 
103). 

Another simple isoquinoline derivative is the alkaloid carnegine, CisHisOsN, 
hydrocliloride, m.p. 228°, optically inactive; it has been isolated from Carnegiea 
gigantea [Heyl, Andi.Pharm. 266 (1929), 668]. Its formula has been proved by 
synthesis (Spdth, Ber. 62, 1021). 
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2. OPIUM BASES. Opium, the dried juice of the green seed 
capsules of poppy (Papaver somniferum)^ contains, besides meconic 
acid (3-hydroxy-l ,4-pyrone-2,0>dicarboxylic acid) and meconine 
(5,6~dimethoxyphthalide), a series of bases of which the most im¬ 
portant are: 


Morphine CitHibNOs (to 12 %) 
Codeine, CisIbiNOa (0.3%) 
Thebaine, C 19 H 21 NO 8 (0.4%) 
Neopine, C 18 H 21 NO 3 
Papaverine, C 2 (tH 2 iN 04 (0.8%) 


NarcotiiH^, C 22 H 23 NO 7 (to 8 %) 
Narceine, C 23 H 27 NO 8 (0.2%) 
Laudanosinc, C 21 H 27 NO 4 (0.0008%) 


From tlio deterinination of the molecular composition of morphine in 1848 to 
the postulation of the ciirriaitly ai^cejited structure for morphine (1923), 75 years 
elapsed; during (bis time many able chemists investigated the problem, and 
contributed a body of data which laid th(i foundation for the later clarification 
of the morphine structure*. The simplest of this group of alkaloids (papaverine 
and the like) were early recognizial as derivative's of isoqiiinoliiKi, ancl morphine, 
codeine, and tlaibaine are now known to contain isoquinoline rings also (sec p. 
249). For the development of these investigations, cc^nsult the following refer- 
enc«vs: P. Kappelrneier, Dic^ K()nslltutionserfors(4)ung der wichtigsten Opiuin- 
alkaloide, Stuttgart, 1912 (Ahnais-Sarnmlung); Gulland, Hobimon, J. 123, 980 
(1923), and the literatures referenees listiKl tlK'rcr, Schopf, Die Konstitution der 
Morphiumalkaloide, Ann. 452, 211 . 


MORPHINE, Ci 7 HnNO(()H )2 + H 2 O, m.p. 254^ (dec., an¬ 
hydrous), [q:]d —130.9'^ (methanol), crystallizes from alcohol in small 
prisms, has a bitter taste and in small quantities produces sleep. It 
is a tertiary monoaeid base, having an alkaline reaction. Its officinal 
hydrochloride, CnHisNOa-HCl + 3 H 2 O, [ajo -100.7° (H 2 O), mor- 
phinum hydrochloricunij forms delicate silky needles; it is widely used 
as a means of producing pain-killing sleep. 


Morphine, was the first alkaloid to be isolated from a i)lant, {Serturner, 1806). 
Its composition was determined by Laurent in 1848. 

The solutions of monihine and its salts are colored dark blue by ferric chloride. 
The solutions in concentrated sulfuric acid turn blue-red on addition of a little 
nitric acid. Morphine is readily oxidized by K.Mn 04 in the presiuice of bicar¬ 
bonate, 2 ino]ocul(5S joining, with loss of two hydrogem atoms, to form pseudo- 
morphine, (Cj 7 Hi 8 N 03)2 1 VongericMen, Ann. 294, 206; BallSy J.Biol.Chem. 71 
(1929), 537], which has also been isolated from opium. When reduced with hy¬ 
drogen and colloidal platinum, morphine adds two atoms of hydrogen, yielding 
dihydromorphine, C17H21O3N {Knorr, Hess, Ber. 44, 2865). Morphine contains 
two hydroxyl groups, find behaves as a phenol ah^ohol, forming salts with only 
one atom of metal, but giving two acetyl derivatives. Diacetylmorphine is used 
officinally under the name heroine. The third oxygon atom of tne morphine 
molecule is inactive. On distillation with zinc dust morpliine yields phenan- 
threne (see p. 361, structural formula) and a mixture of two bases {Vongerichten, 
Ber. 34, 1162). 

For the effect of ozone on morphine and hydrogenated bases of the morphine 
series, see Speyer, Popp, Bor. 59, 390; Speyer, Roell, Ber. <53, 539. 

On treatment with phosphorus halides or anhydrous liquid hydrogen halide 
acids, the alcoholic hydroxyl group in morphine is replaced by halogen. The 
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chloromorphide, Ci 7 Hi 7 ClN( 0 H) 0 , and bromomorpliide so formed yield three 
bases isomeric with morphine, a-, jS- and 7 -isomorphine, on hydrolysis (c/. 
the analogous reaction with codeine) (Opp^, Ber. 41, 975). 

Apomorphine, 10,11 - dihydroxy -6 - methyl - 5, 6 , 6 a,7 - tetrahydro - 4 - di- 
henzo[def g]quinolinet CnllnNOz (1) is obtained from morphine by the elimina¬ 
tion of one molecule of water by t.he action of concentrated hydrochloric acid at 
140-150° or of other dehydrating agents, such as sulfuric acid, phosphoric acid, 
or oxalic acid. It differs markedly from morphine in its physiological properties; 
t is not a narcotic, but a strong emetic. Its methyl bromide addition product is 
used medicinally under the name Euporphine. Apomorphine, unlike morphine, 
contains two p)henolic hydroxyl groups. Its dimethyl ether can be converted 
by exhaustive methylation first to dinielhylapo7norphim€thiri4i, 8 -/?-dimethyl- 
aminoethyl-3,4-dimethoxypheiianthrene (II), then to ‘S,4-dimet}ioxy-^-vinyl- 
phenanthrenet which can be oxidized to 3y4-dwiethoxyphenanthrenc-H-carhoxylic 
acid (III) (Pschorr, Ber. 40, 1984). Since the place of attachment of the nitro¬ 
gen atom is known from the relai-ionship between morphine and codeine (see 
under hydroxycodeinc), the structure of apomorphine may be considered es¬ 
tablished. (For the synthesis of the dimethyl ether of apomorphine, see p. 370.) 


HarrNCH, 


cri. 





From a comparison with the similar transformation of thebaine to morpho- 
thebaifie (p. 362) it is evident that the transition from morphine to apomorphine 
must bo HtUmded by such an ext(.*nsive rearrangement that the structure of mor¬ 
phine cannot be proved from that of apomorphine. For the individual phases of 
the formation of apomorphine, sec Schopf, Dorkowsky, Ann. 458, 162. 

Codeine, Ci 7 Hi 7 NO(OCll 3 )OH, hydrate, m.p. 155°, [ajn —137.7° (alcohol), 
sulfate, m.p. 278° (dec.), is present in opium and can he prepared by methylating 
morphine with KOH and methyl iodide or dimethyl sulfate or diazomethane, or 
technically by methylating the sodium salt of morphine with trimethylphenyl- 
ammoniurn chloride (Ger. Pat. 247180, 1909; Frdl. X, 1215); therefore it must 
be methylrnorphine (Grimaux^ C.r. 92, 1140; Ger. Pat. 102634, 1898). Its 
methyl iodide addition product (I) is converted by heating with alkali to «- 
methylmorphimethine (II), m.p. 118°. This is decomposed by warm acetic 
anhydride to the acetic acid ester of -hydroxy ethyl dim ethylamine (IV) and 
m(;thylmorphol, 4-hydroxy-3-incthoxyphenantlirene (III) {Knorr, Ber. 37, 
3494): 
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The identification of morphol as 3,4-dihydroxyphenanthrene (synthesis: 
Vol. Ill, p. 674) follows from its oxidation to morpholquinone (3,4-dinydroxy- 
phenantnrenequinone) and then to phihalic acid, and also from the formation of 
dimethylmorphol (3, 4 -dimethoxyphenanthrone) from 2-amino-3,4-dimethoxy-a- 
phenylcinnamic acid {Pschorr, Sumuleami, Ber. 33, 1810; Vongerichlen, Ber. 33, 
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1824). The fission of the methyl iodide addition product of a-methylmorphi- 
methine by alcoholic alkali yields trimethylamine and morphenol, 3-hydroxy* 
CHCeHa -V 

phenanihro[4,5-66Ti]furan It ^ {VongericJitm, Per. 33, 352; 34, 

CH-C6H2(0H)/ 

2722). 

The elimination of tlie nitrogen as an ester of /J-hydroxyethyldimethylaminc 
proves the presence of Uk; group HaCN - C-C in the alkaloid. 

By careful oxidation with chromic acid codcniie is converted to a hydroxy- 
codeine, Ci7ni«N0(0(dl3)(OHL (I). This compound contains two alcoholic 
hydroxyl groups, and, like codeine, yi(dds by decomposition of its nudliyl iodide 
addition product hydroxymethyhnorphimethine (11). When heaUul with acetic 
ardiydride th(' latter decomposes into /3-dimethylaminoethyl acetat(i and 3 
metnoxy-4,9-dia(;fdoxypiiena.nthrenc (111), which oxidizes to a ketom^, methy 
acetylmorpholquinoiui, 3-mctlioxy-4-ac(^toxyphcnanthrenequinone (IV). 


CILO(;dl2-CIL 

<1 I 

IiOLaL*C(OH)\ 

I >NCH 3 

CIL-— Cll/ 
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CdLCOQ/ 


C1I30CJ12CH2 

. <1 i 
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HOCelLCO 

inj— CHj-NCCHa)^ 
( 11 ) 

CHaOs 




1 II _ 

_^ CILCOO^ j 1 

06114 COCOCIL 

0.34 CO 


(TIT) 


(TV) 


Hence it follows: (a) that the hydroxyl group acquired in the first step of this 
decomposition is attached to one of (be linking carbon atoms of the pheiianthrene 
nucleus (9 or 10); (6) that, the phenanthrene bridge in morphine alkaloids is 
hydrogenated, since this hydroxyl group is alcoholic in nature; and (c) from the 
conversion of the hydroxyl group to a carbonyl group in the transformation of 
hydroxy codeine to hydroxymet,hylm()rf)himethide, that “in the morphine alkalouh 
the nitrogen of the side-ring is attached to the hydrogenated bridge of the phenanthrene 
nucleus" {Pschorr, Einheckt Bor. 40, 1980; KnorVf Hdrleiriy Ber. 40, 2042). 

CJod(;in(5 is oxidized by pennanganatx^ in acetone solution or by hot chromic 
acid mixtun^ to codeinone, OisHigNU).-,, in.p. 186”, (aln —205” (alcohol), whose 
oxime-forming ketone group is prodiu'od from the alcoholic hydroxyl group of 
morphine (see aboviO. In contrast to codeine and in analogy wit,h thebaine, 
codeinone is decomposed by boiling with acetic anhydride to the acetic acid ester 
of N-ncMyl-N-^-hydroxy ethylmethylaniine and S-77iethoxy-4,0-dihydroxy phe¬ 
nanthrene. 

Dihydrocodeinone is used as a pharmaceutical under the name dicodide, the 
acetyl compound derived from its enol form under the name acedicone, and di- 
hydrohydroxycodeinone under the name eucodal. 

For the action of ozone on dihydrocodeine, see Speyer, Popp, Ber. 59, 390; 
Speyer, Ber. 62, 209; Speyer, Hoeli, Ber. 63, 539. 

For the conversion of codeine to thebeninc and rnorpbothebaine, sec p. 362. 

lake morphine, codeine also reacts with phosphorus halides, forming chloro- 
codide, Ci 7 Hi 7 NCl( 0 CH 3 ) 0 , and hromocodide by replacement of the alcoholic 
hydroxyl group by halogen. These products do not, regenerate codeine on 
hydrolysis, but form, according to the conditions, three isomers of codeine, iso¬ 
codeine, pseudocodeine, and alio pseudocodeine, which can also be obtained by 
methylation of the corresponding isomorphines (Speyer, Wieters, Ber. 54, 2647; 
Speyer, Krauss, Ann. 432, 233). The isocodeine is a stereoisomer of codeine, 
since oxidation with CrOa converts them to the same codeinone (see above). 
Pseudocodeino and allopseudocodeine are structurally identical, and yield on 
oxidation a pseudocodeinone, isomeric wit-h codeinone; the methyl iodide addition 
product of this oxidation product decomposes when boiled with alcohol to 3- 
methoxy-4,8-dihydroxyphenanthnjne. The conversion of codeine to pseudo- 
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codeine and allopscudocodeine la therefore accompanied by a shifting of the 
alcoliolic hydroxyl group from position 6 to position 8 of the phenanthrene nucleus. 
Since the replacement of the OH-group by hydrogen results in the production of 
tlie same desoxycodeine C 18 H 21 NO 2 from all the isomeric forms of codeine, these 
isomers must all have the same C —N skeleton, and therefore position 8 is elimi¬ 
nated as th(‘ site of attachment of the side-ring. Also, position 7 of the phe¬ 
nanthrene nucleus is excluded from corisideration because codeinone and pseudo- 
codeinone contain a react ive (vlT 2 -group next to the carbonyl grout). 

If we summarize the data concerning the structiire of morphine and codtune, 
we obtain lh(^ following picture: 

1, Presence of a phenanttircme nucleus: 



S. In the 3-position of the phenanthrene nucleus morphine is substituted l)y a 
hydroxy group, and codeine by a methoxy group; the ether-like oxygen atom is 
in the 4-f)osition and the alcoholic hydroxyl group is in th(5 6-position in both 
alkaloids (from th(‘ constitution of inethylmori>hol). 

5. An easily hydrogenatcid double bond, in the a,/3-position to the alcoholic 
hydroxyl group (dihydro products, conversion of codeine to pseudocodeine). 

4 . A radical, H 3 CN- 0112 * 0112 —, from the fission of (H 3 C) 2 N •Cn2CH20H 
from raorphol. 

5. The nitrogen member is attached to the 9- or 10-position of the phe¬ 
nanthrene nucleus (see hydroxy codeine). 

6. The other end of th(» nitrogen-containing group cannot be joined in the 8- 
position (from the coriv(^rsion of codeine to pscnidocodeine), in th(i 7-position 
(since codeinone, dihydrocodeinone and pseudocodeinone each contain a reactive 
methylene group) nor in the 6-position of the plunianthrene nucleus (since this 
is the site of thti secondary alcoholic group). 

The second point of attachment of this side-ring must therefore be the C-atom 
in the 5-, 46-, or 8a-position of the phenanthrene nucleus, which corresponds to 
the 4d-, 9c-, or 7a-position in the morphine molecule (see formula below), re¬ 
spectively. This most difficult problem in the determination of the structure of 
morphine was solved by the discovery through clever experimental work (see 
below) that only the 9c-(46- in the phenanthrene formula) position is available 
for this linkage. Thus the complete formula for morphine and codeine was first 
presented hyGulland and Robinson (J. 123, 980) and later completely confirmed 
by Scheipf (Ann. 452, 211): 




According to those formulas, the principal alkaloids of the opium group are 
derivatives of hydrogenated isoquinoline; the nitrogen atom and the C-atoms 
11, 12, 9c, 7a, and 8 form the heterocyclic ring. 

For variations of the codeine molecule, and their effect on the physiological 
properties, see v. Braun, Bc^r. 59, 1081. 

Neopine {^-codeine), C 18 H 21 O 3 N, m.p. 127.5°, has been isolated from the last 
residual liquor of the opium alkaloids. It is a structural isomer of codeine (double 
bond from 7-C to 7a-C; v. Duin, Robinson, Smith, J. 1926, 903). 

Tfiebaine, Ci 7 Hi 6 NO(OCH 8 ) 2 , silvery plates, m.p. 193° [q-Jd —218° (alcohol), 
is converted to codeinone by elimination of a methyl group with dilute mineral 
acids. Thebaine is therefore the methyl ether of the enol form of codeinone. 
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The relationships arnonj; the three opium alkaloids—morphine, codeine, and 
thebaino—are summarized by the follov\dng (Anorr, Ber. 39,1409): 


-OH 


CuHx 4NO -c/ 
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On catalyt ic hy(lrog(M\ation tlu'hainc yields a mixture of hydrogenated products, 
from which dihydrothehainonc^ dihydrothehaine (m.p. 162°; picrato m.p. 288°) 
and tcirahydrothehaine (m.p. 88°; hydrochloride m.p. 116°) can be isolated 
(Schopft Ann. 452, 240). The formation of a i-etrahydrothebaine indicates that 
thebaine contains two double bonds. This result, aod the relationship between 
codeinone and thebaine, gives formula (I) for thebaine. 
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On catalytic hydrogenation of thebaine (palladium black 4* H 2 ) the oxide 
ring opens very readily. Further investigation has shown that this reductive 
fisvsion under mild conditions, leading to the formation of a phenolic hydroxyl 
group, i.s a characteristic of those derivatives of morphine which contain a double 
bond from the 5-C to the'6-C. Therefore the cat,alytic hydrogenation of thebaine 
also yields, with simultaneous saponification of the methoxy group, dihydro- 
thehainone (II), m.p. 140° (oxime, m.p. 240-245°) (Schopf, Ann. 452,235). 

The oxide ring can also be very easily formed; the dihydrothebainono can be 
converted to dihydrocodeinone. For several such partial syntheses in the mor¬ 
phine series, sec Schopf, Pfeifer, Ann. 483, 157; for the method used in this case, 
see the section on sinomeiiine. 

Reactions and Decomposition of Thebaine. —Wlien boiled with acetic anhydride, 
thebaine is split into ^-(methylamino)-ethyl acetate and the acetyl ester of 3,6- 
dimethoxyA-hydroxyphenanthrene, thehaol; the latter has been synthesized from 
2-amino-3,4-dimethoxy-a-(p-methoxyphenyl)-cinnamic acid (Pschorr, Seydel, 
Stiihrer, Bcr. 35, 4400). 

Thebaine reacts with warm hydrochloric acid in either of two ways, depending 
on the concentration of the acid. By short warming with dilute hydrochloric 
acid a secondary base, thebenine, Ci 7 Hi 4 N(OH) 2 (OCH 8 ),is formed; concentrated 
hydrochloric acid produces an isomeric tertiary base, morphothebaine, C17H14N- 
(OH)j(OCHa), with intermediate formation of a halochromic red compound 
{Schdpf, Borkowsky, Ann. 458, 148). Under the same conditions codeinone (p. 
360) also forms thebenine and morphothebaine. Morphothebaine is ananaki^e 
of apomorphine (p. 359). Its dimethyl ether is decomposed by exhaustive 
metnylation to 3,4,6-trimethoxy-8-vinylphenanthrene, which can be oxidized to 
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method) contains two CH3O — and one CHsN — group, and, since it dissolves in 
aqueous sodium hydroxide, a phenolic hydroxyl group. Of the four oxygen 
atoms, three are thereby taken into account; the fourth is in a ketone group, 
as is evident from the formation of an oxime, a seinicarbazone, etc. An ethylene 
group in the molecule is easily saturated, with formation of dihydrosinomenine, 
CijH25 N04, m.p. 199°. 

As in the case of morphine, the phenanthrene nucleus was disco veered by its 
formation in the zinc dust distillation of sinomenine. From this result alone, 
however, the alkaloid might also be an apornorphine dc^rivative (see p. 359). 
The similarity of its reaction products to those of thebaine is shown by tiie foil<nv- 
ing experimental data: Wlmn sinomenimi is nniuced by the Ciemrnensen m(‘th<)d 
with zinc amalgam and hydrochloric acid, both methoxy groups and the k(do 
group are removed and the double bond is hydrogcuat(Hl. The desoxytetrahydro- 
sinomenine so obtained was found to be the opt ical atitipodc; of dihydrothebarodinc, 
one of the (dectrolytic reduction products of dihydrothehahiouc; the constitution 
of dihydrothebacodiiK^ was already knowm (see below, and Kondoy Ochiai, Ih^r. 
<53, 646). The constitution of desozylelrahydrosinomenine is thereby established 
(c/. thebaine formula, p. 363): 



JlCl 


Desoxy <,e traliy dros i nom e ni ne 
~ Dihydrothebacodine 



From tlic constitut.ion of desoxyt(d.rahydrosinom(mine that of sinomenine can 
be derived, except for the positions of tfie methoxy and hydroxy groups (diTni- 
nated in th(‘ niduction. To And these, sinomenine was fused with alkali, wliicdi 
converted it by loss of the nitrogen atom and the carbon jitoms din^ctly at ta<dH‘d 
to it to sinomenol, CiftlTuCh, m.p. 176°, a dihydric phenol. Tlu' diiindJiyl etlu'r 
of this phenol is ichmtical wdth the SyA,(\j4ctram,tihoxypkenantkrrHe syntliesized 
according to the Pschorr method. The free hydroxyl grouj) and the 3-methoxy 
group must therefore occupy positions 4 and 7 of the phenanthrene nucleus, 
respectively (see the formula of sinomenine). 

As its formula shows, sinomenine has the same ring skeleton as morphine, except 
that the oxide; ring present in the opium alkaloids is missing, and its place is 
taken by a phenolic hydroxyl group on one side. S(;veral alkaloids of the sino¬ 
menine s('.ries have been convert(;d to derivativt;s of (he codeines siTies by (dosure 
of the oxide ring. The formation of l-bromo-7-methoxycodeinon(; from sino¬ 
menine is accomplis]i(;d by treating the dibromo substitution product of the 
latter with alkali (Schopf, Ann. 483, 160): 




l-Bromo-6-methoxycodeinonc 


Similar conversions of dihydrothebanone to dihydrocodeinone and of dihydro- 
hydroxythebainone to dihydrohydroxycodeinone have also been successful 
(Schopf, Pfeifer, Ann. 483, 158). 

A number of alkaloids associated with morphine are derivatives of l-hmzyP 
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isoquinoline. Tlioir Hiructurc was dotorniined without difficulty, and has boon 
verified by synthesis. 

PAPAVERINE (I), 1 - (l],4~dimethoxybenzyl) -6,7 -dimethoxi/isoquinoline, C 2 on 2 i- 
NO 4 , m.p. 148°, optically inactive. Its constitution is evident from its decom¬ 
position producits: Hydriodic acid splits off 4 CHsI, leaving papaveroline (II). 
Potassium pern»angariate convii^s papavt^rine to papaveraldine, l-(3,4-di- 
methoxybenzoyl)-6,7-diniethoxyis*piinoline (Hi), whicli is also found in opium 
(DobsoHy Perkin^ J. 99, ]3r)). Alkali fusion splits papaverine into 6,7-dimothoxy- 
isoquinoline (IV) and vin-atric acid (V) (Vol. ill, p. 366). Oxidation of papa¬ 
veraldine yields papaveric acid, 2-(3,4-dimethoxybenzoyl)-pyridine- 3 ,4-di- 
carboxylic acid (VI), 6,7-dinielhoxyisoqumolinc-l-carboxylic acid (VII), 2,3,4- 
pyridineiricarboxylie acid (Vlll) and meiahernipinic acid (IX) {Goldschmiedt, Mo. 
9, 327): 



Synthesis of Papaverine {Pictet, Ber. 42, 2943).—The isonitroso compound 
obtaiiKid from acetoveratrone (Vol. Ill, p. 352) with amyl nitrite and sodium 
ethylate is reduced by stannous chloride and hydrochloric acid to glycylveratrone 
(I). This (amdenses with homoveratric acid chloride (II) in the prestince of 
alkali to N-hoinoveratroylglycylveratrone (III), which is reduced by sodium 
amalgam to j3-veratr(>ylamino-a-(3,4-dimethoxyphenyl)-ethanol (IV). The 
latt(U’ is converted by P 2 O 6 in boiling xylene (c/. the isoquinoline syntheses, p. 
250) to papaverine (V), 2 1120 being eliminated: 





366 


PLANT ALKALOIDS 


(TV) CH(OH) 




For other aynthescH of papaverine frona the readily obtainable 3,4-dihydro- 
papaverine by dehydrogenation over Pd-asbestos, see Spath, Burger, Ber. 60, 704, 
and Mannicht Walther, Arch.Pharm. 265 (1927), 1 . For the synthesis of bases 
similar to papaverine, see Mannich, Falher, Arch.Pharm. 267 (1930), 601. 

Laudanosine, C 21 TT 27 NO 4 , m.p. 89°, [q:]d +103.2°; the racemic form, m.p. 
115°, occurs in very small quantities (about 0.0008%) in opium. It is closely 
related to papaverine, the hydrochloride of dZ-laudanosine being obtained by re¬ 
duction of the methyl chloride addition product of papaverine with tin and 
hydrochloric acid; it is therefore N-methyltetrahydropapaverine. riZ-Laudanosine 
can be resolved by means of its quinate into optically active antipodes, the 
dextrorotatory modification being identical with the laudanosine found in opium. 
The synthesis of papaverine therefore includes that of laudanosine. For another 
synthesis, over dihydropapaverinc, see Pictet, FinkelstelUy Bc.t. 42, 1979. 


II Cli 
(t) 


CIIj 

cn, 

Laudanosine 



IOCH3 (*) 
CH3 


Laudanlne, C 2 oH 2 «N 04 , m.p. 166° (optically inactive), and its levorotatory 
form, laudanidine, m.p. 177°, [aln —87.8° (chloroform), are similar in structure 
to laudanosine. They are the phenol bases corresponding to laudanosine, having 
an OH-group at the position marked (*) in the above formula. Laudanosine is 
converted to laudanine by heating with concentrated hydrochloric acid in a tube 
(Spdthy Burgery Mo. 47, 733). Codamine, m.p. 126°, occurring in opium, has 
t he sam(i structure as laudanosine except for an OH-group in place of the methoxy 
group at (t). 

Narcotine (I) (see equations on p. 367), C 22 H 28 NO 2 , m.p. 176°, [ajo —198° 
(chloroform), is separated from morphine with aqueous potassium hydroxides 
in which it is insoluble {Rohiquety 1817). When heated with alcohol or acetic 
acid at high temperatures, it racemizes to gnoscOpine ~ dZ-narcotine, m.p. 233°, 
which also occurs in opium, but probably as a product of narcotinc. Gnoscopine 
canberosolvedby means of its d-camphorsulfonate to d- and /,-narcotine {PerkiUy 
Robinsoriy J. 99, 775). When heated with water at 140° narcotine is decomposecl 
to colaruine (II), C12H15NO4, m.p. 125° [Wohlery Ann. 50 (1844), 1], and meco- 
nine (III); the latter can be oxidized to opianic acid (3,4-dimethoxyphthalalde- 
hydic acid) and hemipinic acid (8,4-dimethoxyphthalic acid). 

Cotarnine is a ‘‘pseudo-ammonium base’* of the isoquinoline series (c/. pp. 
201, 230, and 251), from which salts of the true isomeric ammonium base are ob¬ 
tained with acids. These psewdo-bases, and also cotarnine, must exist in the 
desmotropic form as secondary amino alcohols [ Deckery Ber. 33, 2273; Dohbi, 
Tinkler, Froc.Chem.Soc. 20 (1904), 162]: 
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This desmotropic character of cotarnine explains some of its contradictory re¬ 
actions. Cotarnine, in the aldehydic form, yields an oxime {Roser, Ann. 254, 
335) and an anil^ which reacts with methyl iodide at room temperature to give a 

/CH:NCeHfi 

quaternary trimethylammonium iodide, CaHeOa^ {Freund, Becker, 

\C2H4N(CH,)aI 

Ber. 36, 1522). It also condenses with ketones and compounds containing a re¬ 
active methylene group with elimination of water; some of thes(‘ condensation 

X;PI:CHCOCH, 

products, such as anhydrocotarnineacdone, C 8 Hc 08 <^ , have an 

\CH2CH2NHCII3 

open structure, since they form benzoyl derivatives {Kropf, Ber. 37, 2744). In 
the enol form cotarnine is reduced (cf. Bandow, Woljfenstcm, Ber. 31,1577) to di- 
hydrocotarnini' (IV), and is oxidized by KMn 04 to hydroxycotarnine (V) 1 \Vu(f. 
Bull.Acad.St.Petersburg (5], 11 (1900), 45; C. 1900, I, 1029; Freund, WuljJ, 
Ber. 35, 1737]; both these products are true tetraliydroisoquinoline deriva¬ 
tives. On further oxidation hydroxycotarnine gives cotarnic acid, 4-methoxy- 
l,3-benzodioxole-5,6-dicarboxylic acid (VI), which yields 4-methoxy-l,3-ben- 
zodioxole-5-carboxylic acid when heated with Hydrochloric acid, and gallic acid 
when heated with HI (Roser, Ann. 249,166; 254,334; 272,221; for the synthe¬ 
sis of cotarnic acid, see Perkin, Robinson, Thomas, J. 95, 1977). Nitric acid ox¬ 
idizes cotarnine to apophyllenic acid (VII), the methyl betaine of cinchomer- 
onic acid (cf. Koenigs, Wolff, Ber. 29, 2190). When boiled with dilute acetic 
acid, narcotine, like the cinchona alkaloids (p.354), decomposes to a ketone, 
nornarceine (VIII), whose isonitroso derivative is split by the Beckmann rear¬ 
rangement to homipinic acid (X) and a nitrile (IX) {Rabe, McMiilian, Ann. 
377,223). 
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Synthesis of Cotarnine and Narcotine. —4-Metlioxy-l,3-benzodioxole“6-pro- 
pionic acid, CH 30 [ 4 ]CH 202 C 6 H 2 [ 6 ]CH 2 -CH 2 C 00 H, prepared from myristicine- 
aldehydc, CH 30 [ 4 ]CH 202 *C 6 H 4 [ 6 ]CH 0 , by condensation with acetic ester, 
saponification and reduction, is converted by treatment of its amide with hypo- 
chloride to homomyristicylamine, 4-methoxy-6-j3-aminoothyl-l,3-benzodioxolc 
CH3O[4]CIl2O2-CflH2[01(m2CH2Nn2. Tlie phenacyl derivative of this base (1) 
condenses when lieated with P 2 O 6 ih xylene to 4-m(‘,thoxy-6-benzyl-7,8-dihydro- 

1.3- dioxolo[gf]isoquinoline (II), whose methyl iodide addition product is reduced 
by tin and hydrochloric acid to a-benzylhydrocotarnine (III). The latter is 
oxidized by manganese dioxide and dilute sulfuric acid, with simultaneous elimi¬ 
nation of Ixiuzaldeliyde, to cotarnine, 4-methoxy-6-inethyl-5,f),7,8-tetrahydro- 

1.3- dioxolo[gfJisoquino]inol-5 (IV) [Salway, J. 97, 1208; c/. DccMr, Chem.Ztg, 
35 (1911), 1076]: 


(I) 



(II) 



II CH 2 
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CIl2<f3 J 
N>y\^'Ncii. 
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Cotarnine and inecoriine combine when boil(;d in metlianol solution to form 
d^-narcotine or gnoscopiiie, whose resolution into d- and /-narcotine is mentioned 
above (Perkin, Ilohinson, J. 99, 775). For the synthesis of i3-gnoscopine, see 
Hope, Robinson, J. 105, 2085. 

Narceine (VI) C 23 H 27 NO 8 + 3 H 2 O, in.p. 170° (anhydrous), optically inactive 
is found togetlu^r with narcotine in opimn; it is formed from N -methylnarcotinium 
iodide (V) by trcmtinent with aqueous potassium hydroxide [Freund, Ann. 286, 
248; Frankforter, Keller, Am.Chem.J. 22 (1899), 01]. See the analogous con¬ 
version of methylcinchoninium iodide to methylcinchotoxine, p. 355. 

(V) (VI) 

CII 3 O CH-CH-, CII 3 O CII 2 -C 

60C(^I1 N(CII ,)2 

cli/ I -cir,< i 
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H OTj CH,0 H OH, 

A simpler alkaloid of the benzylisoquinoline group is found in the Japanese 
^cies of Cocculus: coclaurine, CioHisOaN, m.p. 221 ° [ Kondo, Kondo, J .Phann. 
Soc.Japan 48 (1929), 166]: 
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CII,0 


HYDRASTINE (I), C 21 H 21 NO 8 (see equations, p. 369), m.p. 132°, (aln —67° 
(chloroform) (Durand, 1851), occurs together with berberine (p. 372) in barberry, 
Berheris vulgar is, and in the root of Hydrastis canadensis, a North American plant 
belonging to the Ranunculaceae [Gordin, Prescott, Am.J.Pharm. 71 (1899), 257]. 
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Hydrastine is similar in structure to narcotine, from which it differs only in having 
one methoxy group less. With oxidizing agents it decomposes into opianic acid 
(III) and hydrastinine (II), m.p. 116°, which is the cause of the ergfof-like physio¬ 
logical action of hydrastine. Hydrastinine reacts like cotarnine (p. 366), 
partly as a cyclic alkamine, partly as an aminoaldehyde. By elimination of 
water it forms salts which are true dihydroisoquinoiinium salts. 

On reduction hydrastinine gives diiiydrohydrastininc, 6-methyl-5,6,7,8-tetra- 
hydro-l,3-dioxolo[^jisoquinoline (IV). When oxidized with potassium per¬ 
manganate, hydrastinine first forms hydrastininol (V) and then hydrastinic acid, 
which rearranges with nitric acid to the methylimide of hydrastic acid, 1,3-benzo- 
dioxole-5,6-dicarboxylic acid (VI). For the synthesis of hydrastic acid, see 
Perkin^ Rohmson, J. 91, 1073; Oertlyy Piddy Ber. 43, 1336. Ilydrastinine itself, 
like cotarnine, is oxidized by nitric acid to apophyllenic acid (Vll) {Hosery Ann, 
249,172; Freundy Ann. 271,311): 



Synthesis of Hydrastinine. —Pipcronalacetalamino (VIII) condenses in concen¬ 
trated sulfuric acid to l,3-dioxolo(^]isoquinoline (IX), whose methyl iodide addi¬ 
tion product (X) is reduced by tin and hydrochloric acid to hydrohydrastinine 
(see IV, above), m.p. 60-61 °. The latter is converted by potassium dichromate 
and sulfuric acid to hydrastinine (Fritschy Ann. 286, 18): 



Laudanosine (p. 366), a derivative of l-bonzyl-l,2,3,44etrahydroisoquinoline, 
leads by a simple addition to its formula to two other polycyclic ring-systems 
which arc the bases of a series of alkaloids. The following formulas show this 


relationship: 

KjA/\h, 

rU\/Nr 
I HI ^ 



Alkaloids of the apomor- 
phine group: apomor- 
phine, bulbooapnine 




Alkaloids of the berberine 
^roup: berberine, palniaiine, 
jatrorrhizine, columbaruine, co¬ 
rydaline, corytuberine 
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The characteristic products of the oxidation with KMnOi of apomorphine 
alkaloids, as derivatives of phenanthrene, are S-phenanthrenecarhoxylic acid, and, 
on stronger oxidation, metlophanic acid (1,2,3,4-benzenetetracarboxylic acid), 
together with a corydaldinecarboxylic acid (I): 



Alkaloids of the herberine group are converted by oxidation to hemipinic acid 
(3,4-diTnethoxyphthalic acid) and corydaLdine (II). The membership of an 
alkaloid in one of these groups (apomorphine or berberine) can generally be de¬ 
duced from its oxidation products. 

Apomorphine is mentioned among the reaction products of morphine on p. 
359. Numerous members of the apomorphine group have been synthesized by a 
combination of tlio Bischler and Napieralski isoquinoline synthesis (Ber. 26,1903; 
see p. 250) and the Pschorr phenanthrene synthesis (Ber. 29, 496). The course 
of such a synthesis for the dimethyl ether of apomorphine is given by the follow¬ 
ing equations {Spdth, Hromatka, Ber. 62, 325; Haworth, Perkin, Rankin, J. 127, 
2018; Robinson, Shinoda, J. 1926, 2198): 




P 2 O, 


Isoquinoline 

synthesis 



H3CO 

II 3 CO 


NO2 CH2 




CH»C1 


- ► 

Reduction 


/CH, 

\cn.. 


II,CO 

HaCol 


I 

NH* CIL 

u 


NCII3 


Diazotization 
Cu powder 


Phenanthrene 

synthesis 



Apomorphine dimethyl 
ether 


In this synthesis 2 -nitroho7nov€ratroyl chloride in benzene solution is converted 
by phenethylamine to the acid amide, which is condensed by P 2 O 6 to an isoquinoline 
derivative. The methyl chloride addition product of l-{2-nitroveratryijS,4i~di- 
hydroisoquinoline is reduced with tin and hydrochloric acid to the corresponding 
aminotetrahydroisoquinohne, which is condensed by the Pschorr phenanthrene 
ring formation to the dimethyl ether of apomorphine. 

The same method has been used to prepare the dimethyl ether of corytuherine 
(Spdth, Hromaika, Ber. 61,1692) and the dimethyl ether of bulbocapnine {Gulland, 
Haworth, J. 1928, 1132; Wessely, Dernmer, Ber. 61,1279). 



BULBOCAPNINE. GLAUCINE 
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In a few cases it is possible to prepare apomorphine compounds from 1-benzyl- 
isoquinoline derivatives by nitration and subsequent ring closure; see the con¬ 
version of laudanosine to glaucinc (p. 372). 

Bulbocapnine, C 19 H 19 O 4 N, m.p. 199®, [ajo +237®, is the principal alkaloid of 
the corydalis tubers. Unlike its associated alkaloids (see below), it belongs to tlie 
apomorphine group. Zinc dust distillation of its decomposition products yields 
8 -ethylphenanthrene, which is also obtained in the same way from ajKjmorphiiui. 
Oxidative decomposition of bulbocapnine with KMn 04 yields hydraHlininol (I) 
while energetic oxidation with concentrated HNOa gives meMophanic acid (ben¬ 
zene-1,2,3,4-tetracarboxylic acid), which is the decomposition product of the 
phenanthrene nucleus of all apomorphine derivatives (SpHth, Holier, Posega, 
Ber. 61, 322): 



(I) Hydrastininol (II) Bulbocapnine 



(III) Corytuberiue 


For the total synthesis of d-bulbocapnine methyl ether (m.p. 128-129°; [a]n 
+259°) by the method shov/n above for the dimethyl ether of apomorphine, see 
Gulland, Haworth^ J. 1928,1132; Spdth, Hromatkat Ber. 61, 1334. 

Corytuberine, C 19 H 21 O 4 N* 51120 , m.p. 240° (dec.), [ajo +282.6° (alcohol), 
also occurring in the bulbs of Corydalis cava, is closely related to bulbocapnine 
(III, above). It contains two methoxy groups and two phenolic hydroxyl 
groups, and is converted by partial methylation to a mixture of: 

Corydine, ( 390 H 98 O 4 N, m.p. 149° (dry), [a]v +204.3° (CHCb) and 

Isocorydinc, C 20 H 28 O 4 N, m.p. 185°, [aln +195.3°. 

Glaucine, C 21 H 26 O 4 N, m.p. 119-120°, [aln +113.3° (alcohol). is obtained from 
Glaucium luteum. Its constitution has been established by tne conversion of 
nitrolaudanosine to cfZ-glaucine [Gadamer, Arch.Pharm. 249 (1911), 680]. 

The nitrolaudanosine resulting from nitration of laudanosine is reduced, di- 
azotized and boiled with copper powder (see synthesis of phenanthrene, Vol. Ill, 
p. 668 ) J the d/-glaucine so formed is resolved by means of tartaric acid to d- and 
2-glaucine. The dextrorotatory modification is identical with the naturally 
occurring glaucine. 
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Glaucine i.s also prepared by methylation of laurotetanine, Ci«H 2 i 04 N‘Hj 0 , 
m.p. 125[«]D 4-98.5a secondary phenol-base of the apomorphiiie type. For 
its probabhi constitution, seeSpdth^ Strmikal, Ber. 61, 2395. 

d^-Dicentrine, in.p. 169'*, from Dicentra pmillay is also a member of the apo- 
morphine group, having the following formula [Osada^ J.Pharm.Soc.Japan, 48 
(1928), 85, 423]: 



BEMERINE, CaoHioOfiN, occurring in the roots of the barberry (Berberis 
vulgaris) and in many other plants, is the principal alkaloid of the berberine 
group. It exists in an ammonium form (formula 15 on p. 373) {berberinium 
hydroxide)^ stable only in aqueous solution, and in a yellow form insoluble in 
water, m. p. 144°, for which formula I (berherinal) and formula la (berberine or 
berberinol) has b(;en suggested {Gadamer, Arch. Pharm. 243, 31; Tinkler, J. 99, 
1340; Perkin, J. 113, 504). Berberine is optically inactive. Oxidation with 
KMn 04 yields among other compounds **hydroxyberberineP (II) and berberal 

(III) . The latter is decomposed by boiling dilute H 2 SO 4 to pseudoopianic acid 

(IV) and 6,7-methylencdioxy-3,4-dihydro-l(2)-isoquinoIone (V) {Perkin, J. 55, 
63; 57, 992; Schmidt, Arch. Pharm. 225, 168). ‘‘Phenyldihydroberberine** 
from berberine and CoITsMgBr yields 2-benzoyl-3,4-dimethoxybenzoic acid with 
KMn 04 (Faltes, Mo. 31, 557). 



(I) (la) 



BERBERINE 
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As an amino aldoiiyde borborine forms an oxime wit h hydroxylamino and a p- 
dimethylaminoanil with p-dimethylaminoaniline [Gadamevt Arch.Pharrn. 243 
(1905), 31]; it condenses with ketones with elimination of water (see the dt^riva- 
tive with acetone: Pyman, J. 99, 1690). When warmed with alkali berberine 
yields ^^dihydroherherine” and ‘^hydroxyherberine” (II, above). Berberine has 
affinity for fibers. It forms yellow-brown needles. On reduction it gives the 
colorless ^'tetrahydroherherine C 20 H 21 NO 4 , the racemic form of canadine, which is 




Hydroxy berberi ne 
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found together with hydrastine in the root of Hydrastis canadensis. With the aid 
of bromocamphorsulfonic acid, tetrahydroberberine can be resolved into d- and i- 
canadine [ Voss , Gadamer, Arch.Pharm. 248 (1910), 43 ]. When berberine hydro¬ 
chloride is heated at 200 ° in a current of CO 2 , methyl chloride is split off and a dark 
rod phenol betaine, herheruhin, Ci«Hi 6 N 04 , is produced; berberine hydriodide is 
regenerated from this by the action of methyl iodide [Frerichs, Arch.Pharm. 248 
(1910), 276; constitution of berberubin: Spdthf BurgeryBer. 59^ 1^88]. 

Th(i complete synthesis of berberine has been accomplished by the preparation 
of hydroxyberberiiK^ {Snath, Quietensky, Bor. 58, 2268; Perkin, Rdy, Robinson, 
J. 127, 740) (see p. 373). 

The alkaloids or the calumba root are similar in structure to berberine (prepara¬ 
tion of the alkaloids: Spdth, Duschinsky, Ber. 58, 1942; Spdth, Polgar, Mo. 52, 
117). Palmatine, C 2 iH 2204 N( 0 H), iodide m.p. 240°, is converted by reduction 
to the characteristic tetrahydropalmatine, C 21 H 26 O 4 N, m.p. 144°, which is found 
in its d-form in corydalis tubers {Spdth, Mosettig, Trothandl, Ber. 56, 875; Spdth, 
Mosettig, Ber. 59, 1496). Jatrorrhizine , C 2 on 2 o 04 N(OH), iodide,m.p.208-210°; 
the nitrate, m.p. 225° (dec.), can be reduced to tetrahydrojatrorrhizine, which 
occurs in its d/-form, known as corypalmine, in the tubers of Corydalis cava (see 
b(‘low). With these two bases, a third, columbamine, isomeric with jatrorrhizine 
is found in small quantities {Spdth, Burger, Ber. 59, 1486) . 

Palmatine has been found to have the following constitution, which is similar to 
berberine [Feist, Sandstede, Arch.Pharm. 256 (1918), 1]. 



H2 



(11) Jatrorrhizine 


The formula of palmatine has been dcitermined by the results of the oxidative 
decomposition. Berberine can be (converted into palmatine or tetrahydropalmatine 
{Spdth, Lang, Ber. 54, 3064; Spdth, Quietensky, Ber. 58, 2269). For the com¬ 
plete synthesis of d-totrahydropalmatine from berberine, see Spdth, Mosettig, 
Ber. 59, 1497. When palmatine is heated alone, a methyl group is eliminated, 
heaving a red phenolbetaine, palmatrubin (constitution: Spdth, Burger, Ber. 59, 
1489), analogous to the berberubin from berberine. 

Jatrorrhizine (II) is the phenol-base corresponding to palmatine (Spdth, 
Duschinsky, Ber. 58, 1939), to which it is converted by methylation with diazo- 
me thane. 

For the constitution of columbamine, see Spdth, Burger, Ber. 59, 1486. 

A structure similar to that of the alkaloids of the calumba root is found in 
several bases of the larkspur tubers (Corydalis cava, Bulbocapnus cavus). The 
versatility of plant synthesis is demonstrated in this species. The same plant 
contains bases of the apomorphine group (bulbocapnine is the principal alkaloid) 
and others of the berberine or protopine type. Bulbocapnine has been described 
on p. 371. Those of the berberine type include: 

Corydaline , C22H27O4N , m .p. 134 °, [a] -h300 °; corybulbine , C21H26O4N , m .p. 

237°, [orln -1-303°; isocorybulbine , m.p. 180°, [a]p 4-299.8°; d-tetrahydro- 
palmatine, C21H25O4N, m.p. 142°, [aln 4-292.5° (Spdth, Mosettig, Trothandl, 
Ber. 56, 877); d-tetrahydrojatrorrhizine = conmalmine, C21H26O4N, m.p. 236°, 
[«1\? 4-280°. 

Tlieso alkaloids arc derivatives of tetrahydroberberine. This relationship is 
shown by a comparison of the,formulas of berberine and corydaline: 
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Bor})erine Corydaline Coryhulbine 


The constitution of corydaline has b(‘en established chiefly from the products of 
oxidation with KMn 04 {Spdlht Dohrowsky, Ber. 58, 1274). This structure is 
supported by the formation of dl-corydaline by niduction of the product obtained 
by introduction into palmatine (after protecting the nitrogen atom with acetoiuO 
with CHjI of the additional methyl group which is present in corydaline [v. 
BruchhauseUy Arch.Pharm. 259 (1923), 245]. Corybulhinc and isovorybalbine are 
th(r corresponding phenol-bases (see formula). 

Methylenvpapavcrine can also be converted into corydaline {Spdlhy Krula, B(;r. 
62,1024). 

PROTOPINE ALKALOIDS 

SoiiKi of the bases of the protopinc type have bemi found in opium, and some as 
subsidiary alkaloids in the corydalis root. The determination of their constitu¬ 
tion is due to the investigations of W. H. Perkin (J. 109, 815). The following 
alkaloids are characteristic of the group: 

Protopine, CaoHi^OsN, m.p. 208°, optically inactive;, was first isolated from 
opium and later from other plants, especially Dicentra spectabilis. It contains 
two inethoxy groups. Cryptopine, CJ 1 H 23 O 6 N, m.p. 219 °, a subsidiary alkaloid of 
morphine, contains one methyleiuidioxy group and two methoxy groups. Cory- 
cavine, 02 iH 2 i 06 N, m.p. 222°, optically inactive [Gadam,er, v. Bruchhauseny 
Arch.Pharm. 260 (1922), 97), and its optically active form, corycavamine {Spath, 
Haltery Ber. 60, 1893), have been isolated from the corydalis root. 

A comparison of the formulas of protopine and b(;rberine shows the similarity 
between these two types of alkaloids: 


H2 l-L 



(I) Protopine (II) Berberine 

Ho 



(III) Isoprotopine chloride 
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In the protopino type the"formation of the isoquinolinc group by the plant is 
incomplete. The 10 -memhered ring in protopine and alkaloids of similar struc¬ 
ture readily constricts*' to form two 6 -membered rings. This reaction, dis¬ 
covered by W. H. Perkin, occurs in the presence of POCb; in this way protopine 
is converted into isoprotopine chloride (Formula III, above) (Perkin, J. 109, 815; 
115, 713). The condensation occurs even more readily (by evaporation with 
hydrochloric acid) with the dihydro derivatives of protopiiie (see the section on 
the conversion of corycavine to df-corydaline). 

Cryptopine has a structure like protopine, except that the methylenedioxy 
(dioxolo) group is replac(id by two methoxy groups. Similarly to protopine, it is 
convert( h 1 by POOI 3 to isocryptopine chloride. 

For the synthesis of protopine and cryptopine, sec Haworth, Perkin, J. 1926, 
1769. 

Corycavine and its optically active form, corycavamine, contain a methyl group 
on a carbon atom. Corycavine is dinuitly relatcKl to corydaline (p. 375), being 
converted into its ^/-modification by “constriction of the lO-membered ring’* 
(Spath, Holier, Her. 60, 1891). This important transition is given by the follow¬ 
ing equations: 



Corycavine = Corycavamine 



A group of alkaloids having a more complicated structure, but known to contain 
an isoquinoline ring, are isolated from ipecac (Psychoiria ipecac'uanha) . Th(‘ir 
complete constitution has not yet been determined. 

Emetine, C 29 H 40 O 4 N 2 , amorphous powder, m.p. 74°, [a ]d about —30° (aqueous 
alcohol); cephaeline, C 28 H 38 O 4 N 2 ,m.p. 120-130° (dried), [a]D —43,4° (CHCb); 
psychotrine, C 28 Ha 604 N 2-2 H 2 O, m.p. 138° after sintering at 120 °; 0 -methyl- 
psychotrine C2»H3ft04N2, amorphous, [ajn -f43.9° (alcohol); emetamine, 
C 28 H 86 O 4 N 2 , m.p.l55—15b°, [o’]!) •I“9.9° (CHCI 3 ). 

Th(jse alkaloids are closely ndated among themselves, as their molecular 
formulas indicate. Emetine is O-methylcephaeline (Karrer, Ber. 49 , 2065). 
Catalytic hydrogenation converts the psychotrines to emetine and cephaeline 
(Pyman, J. Ill , 419; Karrer, Ber. 49,2057). Emetine and O-methylpsychotrine 
contain four methoxy groups, while cephaeline and psychotrine, the correspond¬ 
ing phenol-bases, contain tnree methoxy groups and one OH-group. One of the 
nitrogens is a secondary one, and the other is tertiary. The presence of the iso- 
auinoline ring was determined by oxidation with KMn 04 in acetone, which pro¬ 
duced m-hemipinic acid (I) and Q,7•dimetkoxyUo^inoline l^rboxylic acid (II) 
(Pyman, J. Ill, 419; Windaits, Hermanns, Ber. 47 , 1470): 
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H,C 0 /\c 00 Ii 

HsCOl^COOH 

( 1 ) 



(11) GOOH 



Under somewhat different conditions (KMn 64 in sligfitly alkaline solution), 
hemipinic acid and corydaldine (Ill) are obtained; this indicates the pres('nce of 
a tetrahydroisoquiiiolinc ring in the alkaloids oxidized. According to the quanti¬ 
tative analysis of the oxidation products each alkaloid contains two isoquinoline 
rings {Spdth, Leithe, Ber. 60, 692). For the exhauKstive methylation of emetine, 
see Karrer^ Ber. 49, 2073; for the Ernde decomposition, st‘o Spdih, Ber. 60, 702. 

For a proposed formula for emetine, see Slauh, Helv. 10, 820. 


VIL ALKALOIDS OF THE INDOLE GROUP 

The alkaloids of the indole group are derivatives of norliarinan, 9- 
I)yrid [3,4-h]indole: 


N 


H 

Derivatives of this ring system have been found in Peganum har- 
mala. They arc: 

Harmaline, C 18 H 14 ON 2 , m.p. 250° (dec.), optically inactive (Manshe, Perkin^ 
Robinson, J. 1927, 1 ); harmine, Ci 3 lIi 20 N 2 , m.p. 264-265° {Laivson, Perkin, 
Robinson, J. 125, 626). When digested with hydrochloric acid, the latter yields 
harmalol, C 12 H 12 ON 2 , m.p. 212° (dec.), and harmol, rn.p. 321 °. 

Harmine is identical with banisierine from Banisteria caapi {Eiger, Ilelv. 11, 
162; Mayer, Chem.Ztg. 1930, FortschriUsber. p. 4). 

Harmaline and harmine contain a secondary and a tertiary nitrogtm atom; 
the oxygen atom is present in a nndhoxy group, from which the methyl group can 
be s[)lit by boiling Avith concemtrated hydrochloric acid, tht^reby forming the 
phenol-bases harmalol and harmol. Harmaline is dihydroharminc; botli bases give 
the same tetrahydroharmim; when further reduced. 

The clarification of tlui basic ring structure of these alkaloids is due to the work 
of O. Fischer, Perkin and Robinson. A great advance in this difficult problem 
was th(‘. discovery that harman (I), the base obtained from harmine by elimination 
of the methoxy group, is identical with a compound prepared by Hopkins and 
Cole by the oxidation of tryptoj)han with FeCb (see pp. 67, 266). 

This information, together with the results of the oxidative decomposition— 
formation of m-nitroanisic acid and isonicotinic acid (4-pyridinecarboxylic acid)— 
led to the accompanying formulas for harmine and harmaline: 
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( 11 ) Harmiru^ = banisterinn 
{Law.son, Perkin, Rohrmon, J. 125, () 2 t)) 



{Manske, }*erkin, Robinson, J. 1927, 1) 


The synthesis of the harman structure is covered in an earlier section (p. 266) 
Evodiamine (IV), CigHtrONa, ni.p. 278°, [«]i) 4-*'^52“, and rutaecarpine (V), 
CisHuONa, isolated from Kvodia rutaecarpa, have the following constitution: 


H2 



(IV) Kvodiaiiiine 


H, 



(V) Itutaecarpine 


For their synthesis, see Asahina, Ohta, l^er. 61, 319; Asahina, Manske, Robin¬ 
son, J. 1927, 1708. 


VIII. ALKALOIDS OF THE IMIDAZOLE GROUP 


A group of alkaloids which arc derivatives of imidazole are found in 
the South American jaborandi leaves (isolation from the leaves: 
ChemnitiuSj J.pr. 118, 20). Among tliese are: 


Pilocarpine, C 11 H 16 N 2 O 2 , m.p. 34°, [a]i) + 101 . 6 °, b.p. 260° (5 mm.) {Pinner, 
Schwarz, Her. 35, 209); hydrochloride, m.p. 204°, from Pilocarpus jaborandi. 
Isopilocarpine, C 11 H 16 N 2 O 2 , b.p. 261° (10 mm.), [ajo +42.8°; hydrochloride, 
m.p, 159° (anhydrous), together with pilocarpine from Pilocarpus microphyllus 
or from pilocarpine by h(^ating alone or with alcoholic NaOH; it is apparently 
stereoisorneric with pilocarpine, Pilocarpidine, (I 10 II 14 N 2 O 2 , fain +81.3°; 
nitrate, m.p. 137°, from Pilocarpus microphyllus. Pilosine, Ci(vHi 803 N 2 , m.p. 
187°, f«jj, +39.9° {Pyman, J. 101,2260). 

PilocarpiiK^ contains one N-methyl group, which is lacking in pilocarpidine. 
When isopilocarpinc is oxidized with KMn 04 , an aliphatic side chain is split off 
in the form of two lactone-carboxylic acids: 

Pilopic acid, C 7 H 10 O 4 , m.p. 104°, [q:1t) +36.1°. 

Homopilopic acid, C 8 H 12 O 4 , b.p. 235° (20 ram.). 

The structure of these two acids (Formulas I and II) is established by the 
formation of n-butyric acid from pilopic acid and 2 -ethyltricarballylic acid from 
homopilopic acid on fusion with KOH. Pilopic acid has also been synthesized 
and resolved into its optical antipodes {Tschitschibabin, Preobrashensky, Ber. 63, 
460): 


(I) 


C 2 lT^ • CH—-(3T • COOTI 

I I 

CO . O • Clh 

IMlopic acid 


I 


-CHCILCOOH 


CO • O • C}l2 
Homoi)ilopic acid 


(IT) 


Information concerning the second section of the pilocarpine alkaloids is ob¬ 
tained from the distillation with soda lime; the product is 1,5-dimethylimidazole 



STRYCHNOS BASES 


379 


{Pyman, J. 121,2616). This establishes the position if the link is between the two 
sections of the molecule (the 5-position of the imidazole ring). These experi¬ 
mental results are expressed in'tfie following formula for pilocarpine: 

COO-CH, HC -N 

I ! II II 

CJ.h‘HC -HC^(1f,•(^N((d^3)•(dl 

PilocarpiiKi (Iso])ilocar})inc) 

Pilocarpine contains the lactone bridge found in its two acid decomposition 
products. This explains the ease of conversion of pilocarpine with alkalis to 
pilocarpoic acidt which is richer by 1 HjO. 

Pilocarpidine is the N-methyl-free secondary base corresponding to pilocarpine 
{SMhf KunZf Her. 58, 513). 

The alkaloids of the jaborandi leaves are sudorific agents; pilocarpine is thert'- 
fore opposite in behavior to atropine and adrenaline. 

IX. IMPORTANT ALKALOIDS OF 
UNKNOWN STRUCTURE 


STRYCHNOS BASES. In the mix vomica, the seeds of Sirychnos nvx vomicat 
and in the St. Ignatius* bean (Strychios ignatii) there are found two very poison¬ 
ous bases, strychnine and brucine (discovered in 1818 and 1819 by PeUctier and 
Caventou) t together with a subsidiary alkalmd, vomicine (vsee below). In spite 
of numerous investigations, the constitution of these alkaloids is still in doubt. 

STRYCHNINE, C 21 H 22 N 2 O 2 , m.p. 268°, b.p. 270° (5 mm.), [«]p -132° 
(alcohol), reacts alkaline, has a very bitten* taste and (iauses tetanus. It is 
colored an intense blue-violet by a solution of chromic acid in sulfuric acid. 
Strychniiu^ is an unsaturatod, monoacid, tertiary airiiiu'; it adds alkyl halides 
{MoufanQi TafcL, Ann. 304, 49). Tlie stnamd N-atom is held in a lactam bridge 
with a CO-grouj); this follows from the conversion of strychnine (1) by warming 
with socHum alcoholat(‘- solution to atrychruc acid (II), C' 2 iH 24 N 208 , in.p. 215°, 
which regenerates strychnine when boiled wdtJi acids. With moist silver oxide 
the; methyl iodide addition product of strychnine (III) yields -methylstrychnine (IV), 
which is the methylhetaine of strychnic acid, sincii it is also formed from the silver 
salt of the methyl iodide addition product of strychnic acid. In this reaction the 
bond of the carboxyl group shifts from one nitrogen atom to the other, from a 
lactam group to a b(?taine group: 

(1) (IT) 


N 


N 


(('2oH22()) 

%l 

N 


((%11hO)--COOH 

\\H 


(III) 


N(ciijr 


(OsoHj^O-CX) 

N 


(C 


(IV) 

:-2oii«0)—CO—/ 
NH 


When heated with water at 160-180°, strychnine rearranges to an isomeric 
base, isostrychnine, m.p. 224°, which, like strychnine, is converted by warm 
sodium alcoholate solution to an add, isostrychnic acid, m.p. 231° {Bacovescu, 
Pictet, Ber. 38, 2787; Leuchs, Nitschke, Bor. 55, 3171; Oxford, Perkin, Robinson, 
J. 1927, 2389), and yields, with methylating agents, methylisostrychnino. 

The first product of the reduction of strychnine with hydrogen and colloidal 
palladium is a dihydrostrychnine, C2iH24N202-2 H 2 O, m.p. 222° (anhydrous) 
{Knorr, Hess, Ber. 44, 2863; Oxford, Perkin, Robinson, J. 1927, 2389). With 
hydriodic acid and phosphonis, desoxystrychnine (V), which also contains a lactam 
group, is formed. Electrolytic reduction of strychnine gives tetrahydrostrychnim 



380 


PLANT ALKALOIDS 


(VI), rn.p. 202°, or a conipoimd containing one H 2 O less, sirychnidine (VII), m.p. 
240°, in which the lactam group is reduced (Tafel, Naumanriy Ber. 34, 3291; 
I^euchs, Bor. 47, 530; Clemo, Perkin, Robinson, J. 1927, 1589; oxidative decom¬ 
position of strychiiidine: Lei^chs, Krohnke, Ber. 63, 1045). On further reduc¬ 
tion th(‘ second oxygcni atom, which has Ixuni assigned an ether function {Fawcett, 


(V) 

(f'‘ioHL'«N)<v I 


(VI) 

/(’H2OIT 

((^2oH22N())< 

^NH 


(VII) 

((;2„h,,nO)X I 


Perkin, Robinson, J. 1928, 3082), is also (4iininated, and dihydrostrychnoline, 
C 2 iH‘ 28 N 2 , and strychnoUne, C 21 H 26 N 2 , are produced. Redaction products of strycli- 
niiK^ which no longer contain a lactam ring corri^spond in behavior to tetrahydro- 
quinolines (p. 214). The action of nitric acid on strychnine yields various nitro 
derivativ(is {Leuchs, Krohnke, Ber. 62, 2170) and, finally, picric acid, 3,5-dinitro- 
benzoic acid, m.p. 204°, aiid iS,H-dinitrodihydroxyqiiinoliriecarboxylic acid, m.p. 
295-300° {Tafel, Ann. 301, 2851; Menon] Perkin, Robinson, J. 1930, 830). 
Oxidation of strychnine witli p(‘rmanganate in alkaline solution gives 'H-oxalyl- 
anihranilic acid, m.p. 203° {Spdth, Pretschneider, Ber. 63, 2997); similar treat- 
numt in acetone solution produciis strychninonic acid, (V 21 H 20 O 6 N 2 , a dibasic 0 x 0 - 
carboxylic acid, which is reducial by sodium amalgam to the corresponding 
hydroxyiiarboxylic acid, stryrkninolic acid, C 21 H 22 O 6 N 2 . The latter decomposes in 
dilute alkali even at. room Oanperaturc to glycolic acid and the neutral strych- 
ninolone, C 19 IT 18 O 3 N 2 (Leuchs, Reich, Ber. 43, 2417). When warmed with 
hydrogen peroxide, strychnine is oxidized to strychnine oxide, C 21 II 22 N 2 O 3 , and 
strychnine peroxide, C 21 II 22 N 2 O 4 , wliich regenerate strychnine with loss of oxygen 
{Pictet, Mattisson, Ber. 38, 2782; Mossier, Mo. 31, 329). With Mn02 and suL 
furous acid strychnine forms three isomeric strychninemonosulfonic acids, C 21 H 2 J- 
02 N 2 (S 03 H), which can be separated by means of their different solubilities in 
water {Leuchs, Schneider, Ber. 42, 2681). Chromic acid oxidation converts 
strychnine and diaminostrychninc to two 0 x 0 dicarboxylic acids: Ci 7 H 22 N 20 c-- 
5 H 2 O and C]Jl 2 oN 204 , wliich are also obtained from brucine (see below). 

BRUCINE, (^2iH2o(OCH3)2N202 + 4 H 2 O, m.p. 178° (anhydrous), [a]v 
— 119°, has an effect similar to strychnine, but feebler. In its chemical behavior, 
it resembles strychnine closelv. It contains two methoxy groups, and has been 
proved to be dimethoxystryclmine, the two methoxy groups being ortho to one 
another on an aromatic ring {Lions, Perkin, Robinson, J. 127, 1158; Spdth, 
Pretschneider, Ber. 63, 2997). Like strychnine, it is converted by sodium alco- 
holate to an acid, brucic acid, C'2oH2i(OCH3)2N20(COOTI), m.p. 245°, which re¬ 
generates brucine when boiled with water. The action of methyl iodide on 
brucine or brucic acid is completely analogous to that on strychnine. Hydrogen 
and colloidal palladium reduce brucine to dihydrobrucine, C-' 23 H 2804 N 2 , m.p. 
179-181° (anhydrous), while electrolytic reduction yields tetrahydrobrucine (I), 
m.p. 177°, and brucidine (ll), m.p,203° {Moufang, tafel, Ann. 304,24; Gulland, 
Perkin, Robinson, J. 1927, 1627). 

yClh 

(I) [C2oH2o(OCH3)20NK [C2.H2o(OCH 3)20N]4 i (II) 

Compounds (I) and (II) can bo reduced catalytically to hexahydrobrucine, 
m.p. 131-133°, or to dihydrobrucidine, m.p. 172.5° {Achmatowicz, Fawcett, 
Perkin, Robinson, J. 1930, 1739). 

Fusion of dihydrobrucine with alcoholic KOH yields dihydrobrucine hydrate, 
C 23 H 30 O 5 N 2 , m.p. 240° (dec.), [aln —183.7° {Wieland, Gund^ch, Ann. 482, 50). 

Brucine is oxidized by permanganate in alkaline solution to 4,5-dimethoxy-N- 
oxalylanihranilic acid, m.p. 230-^32° {Spdth, Pretschneider, Ber. 63, 2997); 
in acetone solution it is oxidized to brucinonic acid, C 23 H 24 O 8 N 2 {Leuchs, Gladkorn, 
Ber. 56, 1780), which, analogously to strychninonic acid (see above), can be 
converted to hrucinolic acid, C 28 H 260 «N 2 and brucinoline, C 21 H 22 OBN 2 {Leuchs, 
Weber, Ber. 42, 3703; Leuchs, Rauch, Ber. 46, 3917; Leuchs, Gladkorn, Hellriegel, 
Ber. 56, 2472). With hydrogen peroxide brucine gives brucine oxide, C 28 H 26 N 2 O 6 , 
and brucine peroxide, C 2 JH 26 N 2 O 6 . With Mn02 and sulfurous acid four isomeric 
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brucinemonosulfonic acids, C28H25N204(S08H) (Leuchs, Geiger, Ber. 44, 3049; 
Leuchs, Zander, Ber. 56, 502). Brucine dissolves in concentrated nitric acid with 
a rod color, which turns ydlow when the solution is warmed and viol( 3 t when stan¬ 
nous chloride is added. Those color changes are due first to the demethylation 
and oxidation of brucine to a re<l (^idnone, C 2 iH 2 o 04 N 2 , m.p. 295°, and then to 
conversion of the latter by nitric acid, with simultaneous nitration, to the ycdlow 
cacotheline, C 2 iH 2 iN 703 . Reduction of the quinone with sulfurous acid produciis 
the demethylatod brucine, C2iH2o(OH)2N202 {Leuchs, Anderson, l^er. 44, 2136; 
44, 3040). (^^icoth(4ine is converted by bromine water to an oxo-dicarboxylic 
acid, CigH2206N2 {Sucharda, Ber. 58, 1729), which can be further oxidized into 
the same Cn and Ci« acids which are obtained from brucine by oxidation witli 
chromic acid. From this oxidation of brucine two oxo-carboxylic acids, (> 171122 - 
N 206 ‘ 5 H 20 , [«]d +49.2° (water), and C 16 H 20 N 2 O 4 , m.p. 312°, [a]i> —116° 
(water), have been isolated (Wicland, Munster, Ann. 469, 216). These same 
acids are formc^d in the oxidation of strychnine (Triebs, Ann. 476, 28) and mono- 
and diaminostrychnine (Leuchs, Krohnke, Bct. 62, 2176) with (ihromic acid; 
this is a proof of the similarity of the two alkaloids. Jn both acids tlu; aromatic 
rings of the alkaloids are disintegrated. 

The most important dec^omposition redactions of tiud two alkaloids arcd sum¬ 
marized in the following equations, in which tli(‘ uiiaflVdcted portion, Ci 4 HigON, 
of the molecule is designated as R; 


O: 

O: 


o 

% 

w 


X 

X 



Urz+IhO / 

(-O2H-> 11()2(J 


^NH 

NO 2 

Cacotheline 


(X) 
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Acid, (’i.H-OA'j 
(nitrate, [aji> —30°) 
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R 
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CO 


\/ 
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Brucine (X = OCdL) Acid, 

Strychnine (X = IT) 


Acid, 

CiAhoO.N; 


Strychnidinc has b(den subi(*cted to similar decomposition reactions (Leuchs, 
Krohnke, Ber. 63, 1045). 

Proposcdd st,ructural formulas for strychnine and bruciiud: Fawcett, Perkin, 
Robinson, J. 1928, 3082; Mcnon, Perkin, Robhison, J. 1930, 830. 

Vomicine, C 22 H 24 N 2 O 4 , m.p. 182° (dec.), faji) +80.4° (ahdohol), hydrochloride 
m.p. 245° (dec. and discoloration) (Wieland, Oertcl, Ann, 469, 193), is found in 
the residual liquor from the other two strychnos alkaloids, to which it is v(‘ry 
similar in chemical behavior. Like these, it is a monoacid, tertiary base; one of 
the four oxygen atoms is in a lactam group (proved by the conversion in alkaline 
solution to vomicinic acid, sensitive to air), another is in a tertiary (?) alcohol 
group, and a third is an ether oxygen atom. The fourth is (donnected to an aro¬ 
matic ring. A characteristic property of vomicine is the green coloration when 
it is boiled with KOH in methanol; acidification with hydrochloric acid and 
addition of ferric chloride changes the color to red-violet. For th(i ridduction 
with hydriodic acid and the oxidation with CrOa, see Wieland, Oertcl, Ann. 469, 
197 199 

YOHIMBEHE ALKALOIDS. The group of yohimbehe alkaloids is also of 
unknown constitution. The most important member, yohimbine, was discovcdn'd 
in 1896 by Spiegel (Thoms, Ber. 7, 279) in the bark of Corynanthe yohimbe 
Schumann. Since the recognition of its various physiological effects, it has been 
used in pharmacological practice as juvenine, johimpava, etc. The extensive 
use of the drug, as well as the bark extracts from Pausinystalia yohimbe Pierre 
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and Cortex Quebracho hlnnco, has led to the discovery of numerous isomers and 
related compounds, which are given in the accompanying table. 


Alkaloid, 

M.p. (dec.), ®C. 

r«lr) 1 

Hydrochloride, 
m.p. (dec.), ®C. 

Yohimbine 

278 

43.7° 

234 

Alloyohimbine 

135-140 

-72.7 

279 

Isovohimbine 

239-240 

99 

298 

a-Yohimbino 

235 

-9.3 

286 

j8-Yohimbinc 

216 

94.8 

295 

T-Yohimhino 

240 

-28.3 

312 

Quebrachirie 

234-235 ! 

107.9 

282 

Corynanthine 

242 

-125 

285-290 

Alkaloid, C2oH24Na('^)3 

M.p. (dec.), ®C. 

f«lD 1 


Yohimbenic acid 

230 

-17.1° ' 


Alloyohimbic acid 

218-250 

-79.5 


Isoyollimbic acid 

269-270 

147 


a-Yohimbic acid 

287 

49.6 


/3-Yohimbic acid 

256 

125.6 


7-Yohimbic acid 

252 

89. 5 1 


Quebrachoic acid 

1 269 

138. 8 1 


Corynanthic acid 

256 

-58 



Eight isomeric^ yohimbines are known; when saponified with alcoholic KOH, 
they yield ei^ht isoiiu'ric carboxylic acids, C20H24N0O3, of which several occur 
naturally beside the alkaloids. Besides th(^ two oxygen atoms in the carboxyl 
group, the yohimbines contain a hydroxyl oxygen atom. The (dose relationship 
of these alkaloids is shown by the decarboxylation of the acids from them to the 
same yohimholf CieH 24 N 20 , m.p. 306° (dec.), [ajr> —100, excicpt for alloyohim- 
bic, a-yohimbic and corynanthic acid (alloyohimbic acid gives the yohimhol, m.p. 
230°, fajn 4-144.0°). All the isomers are converted by dfdiydrogonation with 
selenium to the same optically inactive base ((h8Hi2N2)20 (?), m.p. 211° (dec.) 
(//a/m, Schuch, Ber. 63, 1638). 

From a comparison of the diihuences in acidity and in pliannocological proper¬ 
ties, the carboxyl groups of yohinibcnic, isoyohimbic and yohimbic acids are 
probably in the 2-, 3-, and 4-positions of a pyridine ring {Hahn, Brandenburg, 
Ber. 59 , 2192). The assignimmt of the 2-position to the carboxyl group of yohim- 
benic acid is supported by the easy conversion of the methylbetaine of this acid 
to the methyl ester {Hahn, Stenner, Ber. 61 , 278). 

Treatment of yohimbine with concentrated 112804 converts it to the unsatu¬ 
rated apoyohimbinc, C2iH2402N2, m.p. 252°, which yields desoxyyohimbine, 
C21H26O2N2, m.p. 203°, on catalytic hydrogenatkm {Barger, Field, J. 123, 1038). 

The two N atoms in yohimbine are tertiary. While one is able to add methyl 
iodide, and is open to exhaustive methylation, the other, when acetylated, shows 
th(5 Tiffeneau decomposition reaction, which is typical of tertiary benzylamines 
{Tiffeneau, Fuhrer, Bull. [4] 15 , 162; Tiffeneau, Bull. [ 4 ] 17 , 67). This re¬ 
action was most closely investigated for isoyohimbine: by treatment with 
acetic anhydride the unsaturatod diacetyl derivative, C2iH24N203(C0CH8)2, m.p. 
185°, [a]D —20.8°, is formed; on catalytic hydrogenation with Pd and H2 this 
adds hydrogen to give the corresponding dihydro derivative, m.p. 177°. Allo- 
yohimbine yields only one monoacetyl compound, m.p. 176° (dec.). The alka¬ 
loids can be regenerated from the acetyl compounds by saponification and 
methylation {Hahn, Schuch, Ber. 62 , 2953). 

Of the basic ring structure of the johimbine alkaloids, only fragments can be 
recognized. The oxidation with KMn04 gives F^-oxalylanthranilic acid, m.p. 
202-203° (dimethyl ester, m.p. 152°) {Spdih, Bretschneider, Ber. 63 , 2997), 
and hydroxycarbanil, m.p. 137° {Warnai, Ber. 59, 2388). Among the products 
of pyrolysis which have Iwen isolatecl are the bane, C13H12N2, m.p. 230-232° 
(picrate, m.p. 258-260°), an indole homologue, m.p. 55° (picrate, m.p. 157°), 
and the picrate of a base, C9H7N, m.p. 216-218° {Stednian, Ber. 60 , 1009; Warnat, 
Ber. 60 , 1119; Winterstein, Walter, Helv. 10 , 677). 
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HELLEBORE (VERATRUM) ALKALOIDS occur toK^^thcr with veratric acid 
(d,4-diTUclhoxyhcnzoic acid) in the white helhdjore, Verairum album, and in the 
cevadilla, V. sabadilla. Veratrine or cevadine, fyT-) 9 NOti, m.p. 202 "", [o-Id 
4 - 12 . 5 ° (alcohol), crystallizi's from alcohol with two molecules of alcohol of crys¬ 
tallization; it, dissolve's in conci'ntratc'd sulfuric acid with a yellow color which 
gradually IxMMmit's blue-r(*d. It is split l>v alcoholic KOH into cevine, C 27 H 43 - 
N 08 - 3 V 2 H 2 O, in.p. 195 200 °, and (ij-lic acid, Cf.lL 02 (Vol. I, ]>. m\) {Freund, 
Schwarz, Ber. 32, SOO; Macbeth, Rolmmm, J. 121, 1571). On distillation with 
soda lime, /-coniine is obtained {Marbetk, Robmsmi, J. 121, 1571). (’(‘vadinc 
contains a free hydroxyl grou]>, C 27 H 4 iNOo(On) (O-OOf^Il?), while cevine has 
two hydroxyl groups, Co 7 H 4 iNOfl( 011 ) 2 ; the nitrogen atom is ap})arently joined 
w^ith three other atoms {Freund, Ber. 37, 1946). For suggestions concerning its 
constitution, see Macbeth, Robinson, J. 121 , 1571. 

A series of subsidiary alkaloids have also beem isolated: veratridine, cevadilline, 
and sabadine. Their lioniogerKuty is not definitely established (Hess, Mohr, B(^r. 
52,1984). 

ACONITUM ALKALOIDS. From th(5 poisonous roots of numerous Japanese 
varieties of Aconitum, Majima has isolaUal several alkaloids. Almost all of these 
contain om? molecule of acetic acid and one molecule of an aromatic acid in the 
form of (\sters; partial saponification with 15% H2S(44 r(unov(‘.s the* acetic jicid, 
wdiile the aromatic acid is (4iminat(‘d umh'r more en(Tg(‘tic treatment (in a 
pnsssure tube or with alcoholic' KOIl). Thc^ rcwulling alkaminc's can be obtained 
in a (crystalline condition only in the' form of tlnar a(C(4yl derivat ivc'S. A summary 
of the physical data of the alkahnds of this group isoiiited up to tluc pn'sent t ime 
and the products of t lucir hydrolysis is given in the following nderences: Majima, 
A/ono, Ber. 57, 1478; Ann. 476, 203. 

The thermal deccoinposition of the alkaloids yields mnv basic substances. 
Aconitine, C 87 H 47 NOn, m.p. 202-203°, los(\s omc mohacuhe of a(c('tic acid and forms 
pyraconiiine, C 32 TT 43 NO 9 , m.p. 271-272°; hypaconitim, (VdhjnNOio, m.p. 198.5°, 
gives the analogous pyrohypaconiiinc, C^3iU4iN08, m.p. 119-120°. 

The (Oxidation of aconitine, C 34 H 47 NO 11 , and of mcsaconitinc, (\ 3 .')H 4 f>]SGii, m.p. 
208-209 °, with permanganate hwis to the same decomposition product, oxonitine, 
G 32 H 43 NO 12 , m.p. 282°, |a]i) —41° (Spalh, Galinovsky, Ber. 63, 2994). 

ERGOT ALKALOIDS. From ergot, which is uscul mc'dicinally to contract 
blood vessels, the following alkaloids have been isolated; their molecular formula 
is not known with ctertainty in (wery case | 7Vm/T/, Ihdl. (4] 31, 444; Forst, 
Arch.( 3 xptl.Path.Phann. 114 (1926), 125; Smith, Timmis, J. 1930, 1390]. 

Ergotoxine, CsJLiOcNd, m.p. 190-200°. 

Ergotinine, (hblLgOoNs, m.p. 239°. 

Ergotamine, CsaHs^Of-Nr,, m.p. 213-214°. 

Ergotaminine, C 53 H 3 b 05 N 4 , m.p. 252°. 
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ORGANIC FREE RADICALS 

BY Ludwig Anschutz 


Note on method of writing formulas and quoting literature. Greater 
clarity obtained by writing the formulas of free radicals with straight 
lines for the free valences instead of a series of points, or broken lines. 
In order to save space, only the senior author of a piece of research is 
given in a reference. This also makes it easier to find later contri¬ 
butions fnmi the same scliool. 


GENERAL PART 

Literaturk; J. Schmidlin, “Das Triphenylna'thyl,” V^ol. VI of “Cliemie in 
Einz(3lciarstellun^^en,” Knko, Stuttj;[xrt, 1914. 

R. Pummerer, “Organischo Chemie/’ Vo). Ill of tho “Naturwissciischaftlichen” 
series of “Wisscnschaftlicho Forschiingsbcrichte,” section on radicals (pp. 11-34), 
StcirikopiT, Dresden and Leipzig, 1923. 

P. Walden, “Chemie der freien lladikah^,” Hirzel, Leipzig, 1924; “Aus der 
L('.bensgeschichte einiger organischcr Radikale,” Z.angew.Chem. 39, 601 (1926). 

F. Henrich, “N(‘iu^r(3 Untersucluingcn uber organische lladikale aus den Jahron 
1922 bis 1928,’’ Z.angew.Chem. 41, 1214, 1239 (1928). 

K. Ziegler, “Probieme und kh*gebnisse der neueren Erforschung der freien 
Radikale,” Z.angew.Chem. 43, 915 (1930). 

W. Iluckel, “Tlieoretische Grundlagen der organischen Chomi(i,” section on 
free radicals, 2nd od., Vol. I, pp. 111-133, Akadem. Verlagsgesollschaft, Leipzig, 
1934; “A General Discussion on Free Radicals,” Trans.Faraday Soc. 30, 3-248 
(1934). 

F. 0. Rice and K. K, Rice, “The Aliphatic Fn^e Radicals,” Oxford Univ. Press, 
1935 (204 pp.). 


Introduction. H. Wieland (Ber. 48, 1098) defined radicals as 
'Tree unsaturated complexes of an atomic character and of abnormal 
valencies.'^ Normal ions were excluded by Wieland by the addi¬ 
tion of the words "that radicals, like atoms, have no electric cliarge.^' 
P. Walden (Chem. der fr. Rad., p. 43) extended Wieland^s definition to 
cover a series of electrically charged groups of atoms. W. Hilckel in 
his "Theoretische Grundlagen,’^ 2nd ed., Vol. I, p. Ill, gives the fol¬ 
lowing conception of a free radical: "In the free radicals, the valency 
of an ekment is one lower than corresponds to its position in the 
periodic table.” According to this idea, not only neutral compounds 
but also ions—both anions and cations—are included as free radi¬ 
cals, provided they contain an element with a valency lower by one 
unit than the ordinary.” W. Schlenk (Inst.int.Chim.Solvay Conseil 
Chim. 4, 503) pointed out that the univalent free radicals can be 
recognized by their odd number of valency electrons. They can be 
defined on the basis of the quantum theory as compounds, of which 
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the electron system has an unsaturated spin moment (see R. Mecke, 
Trans. Faraday Soc. 30, 200). Organic radicals are all radicals con¬ 
taining carbon. Those radicals containing trivalent carbon are of 
special importance in organic chemistry. 

Important historical data. In 17S7, Lavoisier introduced the 
term ‘‘radical/^ the meaning of which has undergone many changes 
since that time. The concept of radicals served as the starting 
point for the development of a theoretical system (old and new 
radical theory). The most important experimental confirmation of 
this idea came from the preparation of cyanogen by Gay-Lussac 
(1815), the w'ork on the radical of benzoic acid by Liebig and 
Wohler (1832), the preparation of cacodyl by Bunsen (1841), and 
the work of Kolhe and Frankland on the preparation of hydrocarbons 
with an assumed radical nature (1849 and 1850). In 1900 the first 
compound which was actuahy a free radic^al was prepared by Gom- 
berg, who obtained triphcnyjmethyl, the first radical containing tri¬ 
valent carbon, by the action of zinc on a benzene solution of tri- 
phenylmethyl chloride. He showed, liowever, that the new com¬ 
pound was not ))ure, but. exist.ed in eciuilibrium with hexaphenyl- 
ethane. The work on this particularly difficailt. problem was chiefly 
carried out by J. Schmidliri (1908), //. Wieland (1909), W, Schlenk 
(1910), and J. Piccard (1911). Schmidlm showed that triphenyl- 
methyl existed in a colored (monomeric) and a colorless (dimeric) 
form. Wieland demonstrated the dissociation of hexaphenylethane 
by molecular weight determinations in molten naphthalene. Schlenk 
replaced the phenyl groups of triphenylmethyl one-by-one with bi- 
phenylyl radicals, and finally obtained tribiphenylylmcthyl, which is 
nionomolecular in solution. He thus obtained the first pure free 
radical in the form of green crystals. Piccard made the interesting 
observation that the color of solutions of triphenylmethyl deepened 
on dilution, in contradiction to BeePs law. This w'^as due to increas¬ 
ing dissociation of the hexaphenylethane. W. Schlenk and his school 
(1911-1913), recognized a new^ class of free radicals with trivalent car¬ 
bon in the metallic ketyls, wiiicii had first been obtained by E. 
Bcckrnann and T. Paul in 1891. In more recent times F. Pancth has 
developed a method for the detection of the exceedingly short-lived 
radicals, methyl and ethyl (1929, 1931). //. Wieland obtained the 

first organic, radical with di- or tetra-valent nitrogen (1911, 1914). 
E. Weitz discovered the ^^arninium'^ salts, with a positively charged 
radical-ion, which, according to its formula, contains tetravalent 
nitrogen (1926). The discovery of compounds with univalent oxygen 
is chiefly due to R. Pummerer and S. Goldschmidt (1913,1922). Many 
other elements in organic compounds are now known with valencies 
one less than the usual. 

Theoretical treatment of formation of radicals. The theoretical 
conclusion to which the discovery of free radicals has led is ^Hhe 
clear recognition of the divisibility of valency^^ (W. Schlenk, Ber. 
55, 2285). The inequality of different links follows. In this way, 
Thiele (Ann. 319, 134), and later Werner (Ber. 39, 1282), explained 
the existence of the free triarylmethyls on the particularly great 
valency demands of the three aryl groups. Later, however, it be- 
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came clear that this conception did not lead to a useful theory of gen¬ 
eral application (for the complete overthrow of these ideas, see C. K. 
Ingoldy Proc.Leeds Phil.Lit.Soc. 1, 421). K. Ziegler and his co-work- 
ers have made extensive studies on the question of what factors favor 
the decomposition of the substituted ethanes into radicals (Ann. 479, 
111, and earlier papers). It has been shown that the introduction 
of unsaturated substituents (which, according to the Thiele-Werner 
theory, make particularly great valency demands) makes a substi¬ 
tuted ethane dissociate six times more readily than a saturated sub¬ 
stituent (Ann. 434, 34). Other considerations are also important, 
e,g.y the space occupied (Ann. 473, 194), and the electrochemical 
character (Ann. 479, 111) of the substituents. Tlie examination of 
this latter question for the hydrazyls of the type Ar-iN •N(Ac) * is due 
to Goldschmidt (Ann. 473, 137). The efh^ct of ring strain on the for¬ 
mation of radicals has beeui investigated experimentally by Wittig and 
his co-workers (Ann. 505, 17, and earlier pa])ers). A satisfactory 
general explanation of radical formation is still, however, lacking, in 
spite of the many experimental investigations that have been made. 
Instead, the difficulty of fitting into one system the ever-growing body 
of facts has increased. Wieland and his co-workers (Ann. 381, 217, 
and earlier papers), for example, reach the surprising conclusion that 
the effect of substituents on the tendency to dissociation of the hexa- 
arylethanes cannot be api)lied to that of the tetraarylhydrazines. 
Schlenk and Mark (Ber. 55, 2285) have found that pcntaphenylethyl 
is a substance with an unusually small tendency towards association, 
in contradiction with the Thiele-Wemer principle. These examples 
could easily be increased (cf. GoMschmidiy Ber. 55, 633; Arm. 437, 
208). It is therefore understandable that in more recent times vari¬ 
ous authors have ap])lied exact physicochemical methods in order to 
obtain a deeper insight into the question of radicals and their forma¬ 
tion (see Zieglery Z.angew.Chem. 43, 915). 

The physicochemical work on the x)roblems of the chemistry of 
radicals starts with molecular weight cieterminations by the osmotic 
methods by Gomherg (Ber. 34, 2731) and carried on by Schlenk (Ann. 
372, 5). By this means the important result was obtained that tri- 
biphenylylmethyl is completely monomolecular in solution, proving 
the existence of trivalent carbon. The later extensive determinations 
of molecular weights by Gomherg and his co-workers using numerous 
triarylmethyls were used by Walden (Chem.der fr.Rad., p. 286) to cal¬ 
culate the dissociation constants of the dissolved hydrocarbons (see 
Schonhergy Ber. 66, 1938). In sufficiently dilute solution the Ostwald 
dilution law (originally worked out for weak electrolytes) applies. 
The dissociation constant, ky can be calculated from the degree of dis¬ 
sociation, a, and the dilution, v, according to the following equation: 

^ (1 - a)v 

Temperature and the nature of the solvent used also influence the 
degree of dissociation (see Hiickely Grundlagen, Vol. I, p. 129). 
Goldschmidt and his co-workers have investigated cases of dissocia¬ 
tion into radicals, which involve the formation of compounds with di- 
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valent nitrogen (Ann. 473, 137, and earlier papers), and monovalent 
oxygen (Ann. 445, 123, and earlier papers). The dissociation con¬ 
stants of these (!Oinpoiinds in numerous solvents were determined by 
titration of the dissociated portion (Ann. 437, 200; 438, 208; 473, 
141; for further details, see diarylacylhydrazyls and phenanthroxyls). 
Idle heat of dissociation can be obtairuMl from the variation of the 
diswsociation (ionstant with temperature (Ann. 473, 143). Other 
methods of obtaining the dissociation constant use tlie determination 
of the intensity of color of the solution of the radical at increasing 
dilution (determination of the molecular extinction coefficient) {Gold¬ 
schmidt^ Ann. 473, 144). In this way the equilibrium constant and 
(from its variation with temperature) the heat of dissociation of hexa- 
phenylethane have been determined {Ziegler ^ Ann. 473, 163; see 
Schonberg^ Ber. 66, 1938). They obey the Arrhenius equation: 


where Ki and K 2 are tin; equilibrium constants at the absolute tem¬ 
peratures T\ and T 2 . Since this ecpiation is deduced for the gaseous 
state, and the determinations are made in solution, it is necessary to 
find out what effect tlie solvent has on the results. In contradiction 
to Goldschmidt (Ann. 473, 147), Ziegler (Ann. 473, 180) found that the 
heat of dissociation, at. least of hexaphenylethane, is constant, inde¬ 
pendent of the solvent. Of gn^ater interest than the determinations 
of heat of dissociation are the determinations of the velocity of spon¬ 
taneous decomposition of the substituted ethanes at various tempera¬ 
tures that have been carried out by various workers in more recent 
times {Conanty Am. 51, 1925; Branch, Am. 52, 255; Ziegler, Ann. 479, 
277; 504, 131). From the variation with temperature of the decom¬ 
position constant it is possible (with the aid of the Arrhenius equa¬ 
tion) to obtain the heat of activation of the compound. In this 
way, an exact determination of the amount of energy that has to be 
imparted to a substance R—R in order to break it down, may be 
made, and hence the strength of the bond linking the two radicals to¬ 
gether in the dimer is obtained. A comparison of the heat of dis¬ 
sociation and the heat of activation for one particular compound is of 
considerable theoretical interest, as Ziegler (Ann. 504, 147) has shown 
on the basis of extensive series of experiments with hexaphenylethane. 
In the case of hexaphenylethane, if it were shown that the heat of dis¬ 
sociation were equal to the heat of activation, this would mean that 
triphenylmethyl was the first radical-like fission product of the dimer. 
On the other hand, if the heat of dissociation is less than the heat of 
activation, as Ziegler found, it must be concluded that triphenyl¬ 
methyl is a more stable product than the initially formed radical, 
whatever that may be. This stabilization could be effected intra- 
molecularly by distortion of valency bonds, or extramolecularly 
through the solvent. In connection with these results it is interesting 
to take into account some of the niore recent work, in which it has 
been shown that in liquid ammonia solutions of phenols and aromatic 
acids, active radicals (excited molecules in the sense of modern phys- 
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ic8) exist, which differ from the earlier known radicals containing 
monovalent oxygen, obtained by dehydrogenation of phenols, in their 
enhanced reactivity (Goldschmidtj Ber. 64,1744; see also Ziegler, Ann. 

504, 162). 

Finally, the very interesting observation that the solid, colorless 
forms of the hexa-substituted ethanes arc dissociated by the applica¬ 
tion of very high pressure must be mentioned. This means that two 
single radical molecules occupy a smaller volume than one molecule 
of the dimer (Ijowenhein, Ber. 60, 1855; see also Ziegler^ Ann. 473, 
194). For ^Valency tautomerism,^’ where the radicals are in equi¬ 
librium with normal isomers with the correct valencies, or with iso¬ 
meric radicals, see Pummerer, Ber. 52, 1410; Wielandj Ber. 53, 1318; 
Schonberg^ Ber. 64, 2323; Clary Ber. 66, 202 (see, however, Conrad- 
Billroihy Ber. 66, 639); Wiitigy Ann. 483, 144; Zieglery Ann. 504, 189. 
For “polycentricity’’ as the origin of the lack of tendency of associa¬ 
tion of the valency tautomeric free radicals, see Lowenbein, Ann. 487, 
97. For stereochemistry of asymmetric free triarylrnethyls (’CAr'- 
Ar"Ar"0 see Gomherg, Ber. 37, 2036; Schmidlin, Ber. 45, 3183; 
KaraguniSy N. 21 y 607; Wallisy Am. S3 j S12; 55,3838; 56,491. For 
“ultradissociation(which has not yet been strictly proved), of the 
free triarylrnethyls and other open questions connected with the chem¬ 
istry of free radicals (especially discussing numerous cases where the 
experimentally determined molecular weight of an organic compound 
w’as too low), see WaldeUy Chem.der fr.Rad., pp. 299 ff. For potential 
determinations wdth the triarylrnethyls, see Conaniy Am. 47, 1959; 
55, 3752. For electron affinity of free radicals, see Benty Am. 54, 
3250. For HilckeVs application of quantum theory to free radicals, 
see Z.Physik, 83, 632; Ann. 504,149; Paa^mgf, J.Chem.Phys. 1,362. 

Investigation of the behavior of radicals. For the behavior of 
carbonium salts, see Hantzsch, Ber. 54, 2573-2633. The compari¬ 
son of the absorption spectra of tripheiiylmethyl as a cation, as an 
anion, and as a free radical, is specially dealt with. For conducto¬ 
metric experiments (usually with dissolved triarylmethyl halides), 
see Walderty Ber. 35, 2018; Z.])hysikal.Chem. 43, 385; Gomhergy Am. 
45, 190, and earlier papca-s; Hofmanny Ber. 43, 186; Schlenky Ann. 
372,11; Ber. 47,1678; 49,606; 50,278; //antoc/j., Ber. 43,336; 54, 
2601; SirauSy J.pr. 103, 1-68; etc. For valency considerations and 
stability of organic radicals, see Auwei'Sy Ber. 57, 1051; BrauUy Ber. 
63, 2407, and earlier papers; ^McKenziCy J.Soc.Chem.lnd.Ijondon 50, 
926; MeerweiUy Ann. 419,121; Skraupy Ber. 55,1073, etc. For meth¬ 
ods of determining the relative electronegative character of organic 
radicals, see Kharaschy Am. 54, 674; Migitaj Bull.Chem.Soc. Japan 
8, 27. The behavior of radicals of high affinity content and nega¬ 
tive character is discussed by Urbam, J.chim.phys. 29, 325; the dis¬ 
tribution of electronic linkages by Craigy Am. 53,4367, and Starry Am. 
54, 3971; and electron affinity of radicals by Zakiy J. 1932, 1184. 

Occurrence of free radicals in chemical reactions. Waldeny 
Chem.der fr.Rad., p. 278; Hmkely Grundlagen, Vol. I, p. 110; 
Wielandy Ann. 513, 93, and earlier papers; Heiny Z. Elektrochem. 
28, 469; Goldschmidty Ber. 55, 3216; Habery Ber. 64, 2844; Schlenky 
Inst.int.Chim. Solvay, Conseil Chirn. 4, 503; Burawopy Z.physikal. 
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Chem. A164, 1; Rice, Am. 55, 3035; Gilman, Am. 55, 2893; Ziegler, 
Ann. 504, 162; Witiig, Ann. 513, 26; etc. 

Technique. Tho fact that free radicals arc usually very readily 
attacked by oxygen or moisture requires that th(‘y should be investi¬ 
gated ill an atmosphere of a dry indifferent gas, or in a vacuum. 
This is particularly true of the (^impounds of trivaleiit carbon, and 
the method of dealing with them will be described in some detail. 

Detection of free radicals: /. Physical methods. —(a) Osmotic 
methods of determining molecular weights (lowering of freezing 
point and elevation of boiling point); (b) colorimetric methods (in¬ 
accuracy of Beeves law); (c) spectroscopic methods; free radicals in 
solution usually give characteristic aUsorption bands, and in the 
gaseous state band spectra with a cliaracteristic fine structure. Their 
existence at high ternjieratures can be detected 1 > 3 " their emission spec¬ 
tra. The mass spectrograph can also be used (see Mecke, Trans. 
Faraday Soc. 30, 200); (d) electrolysis (particularly valuable for the 
cathodic separation of ammonium radicals); (c) detection of para¬ 
magnetism as the consequenc.e of unpaired electrons; Leivis, Proc. 
Nat.Acad.Sci. 11, 456; see also Camhi, Gazz. 63, 579; Katz, Z.Physik 
87, 238; Galamcs, Helv.physica Acta 6, 555; Sugden, Trans.Faraday 
Soc. 30, 18; Kuhn, Ber. 67, 362; Muller, Ann. 517, 134. 

11. Chemical methods .—Their tendency to disproportionation is 
characteristic of radicals containing hydrogen (Wieland^s rule, Ann. 
401,234). 1 lie powers of addition, particularly of other radicals, are 

also important. Other reactions indicate even more clearly the tend¬ 
ency to become saturated on the part of a radical. The compounds 
thus formed often give some proof of the existence of very short-lived 
radicals {e.g., methyl, see PaneAh, Ber. 62, 1335). 

Limitation of subject. There are a consideral)le number of sub¬ 
stances the radical nature of which is disputed. To this class belong 
particularly those radicals with a semiquinoid constitution which 
have been regarded as such by Michaelis on the basis of potentio- 
metric observations (see N. 19, 461; Am. 53, 1953; J.Biol.Chem. 96, 
703; Am. 55, 1481; 7/an/2sc/i, Ber. 49, 519; Piccard, Ber. 59, 1438). 
Wurstei red is a compound of this vsort that lias been widely studied 
by this and other methods. This compound, and many others of a 
similar kind were given only a merKpiiiioid structure {Willsldtter, 
Ber. 41, 1458). Later these compounds were ex]dained in other ways 
{Weiiz, Ber, 59, 432; Z.Elektrochem. 34, 538; Dilthcy, J.pr. 118, 321, 
etc.). The higlily colored intermediate substances obtained by the 
reduction of certain dyes (such as pyocyanine, rosindulin GG, lacto- 
flavin or vitamin B 2 ) are also regarded as radicals (Kuhn, Ber. 67, 
361). It does not appear advisable to treat all these compounds 
among the radicals, as it would mean taking them away from more 
important relationships. The arrangement of the substances dealt 
with is therefore not to be regarded as dictated by constitutional 
problems. Certain compounds of undoubted radical nature are only 
dealt with briefly here, and more fully elsewhere. For instance, the 
lead tetraaryls have been included in the section on the other aro¬ 
matic compounds of lead. In general, the work is arranged so that 
the organogenic elements, carbon, nitrogen, and oxygen, are used as a 
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])asis. It has also been considered convenient to follow these three 
elements with those radical-forming elements which occur near them 
in the periodic system. Thus the elements in the vertical series of 
Groups IV, V, and VI in the periodic system are dealt with in order, 
in so far as they enter into the formation of organic radicals. Two 
other elements come into radical formation; they are in the third 
vertical series. Tlie following, then, is the arrangement,: IV—C, Si, 
Sn, Pb; y—N, P, As, Sb; VI ~0, S, Cr; IIT-B, Al. IF radicals of 
one particular element are known in different valency stages, the 
types with the higher valency are considered. 


1. SPECIAL PART 

I. RADICALS WITH TRIVALENT CARBON. 
CARBYLS 

The most important compounds with trivalent carbon are the 
hydrocarbon radicals. It has been shown that a loading with aro¬ 
matic or other unsaturated groups is neccissary in order to hinder the 
practically complete dimerization of these radicals. The triaryl- 
UK'thyls are the most interesting members of this class, both on his¬ 
toric and tlu'oretical grounds. These, together with the closely related 
1 risubstituted methyls will be considered first. These compounds may 
1)0 refefr*(xJ to shortly as ^Trityls’^—an extension of the abbreviation 
‘d,riU r’ recommended in Beilslein^s ^‘Handbuch’^ (4th ed., Vol. V, 9) 
for ii’iphenylrnethyl. 

(a) Trityls (Triarylmethyls and Analogous Compounds) 

As mentioned above, the triarylmethyls exist in equilibrium with 
the hexaarylethanes (Wieland^ Ber. 42, 3028). Whether this equi¬ 
librium is displaced to the right or to the left depends chiefly on the 
nature of the attached groups. In the methods of formation of the 
trityls dealt with below, this equilibrium will not be further men¬ 
tioned. 

METHODS OF FORMATION. 7. Breaking of the bond be¬ 
tween the trityl radical and halogen (or perchlorate radical). 

1. The classical method of Gomberg (Ber. 33,3150) for the prepara¬ 
tion of the triarylmethyls consists in the action of metals (silver, mer¬ 
cury, zinc) on the triarylmethyl chloride in benzene solution in an 
atmosphere of carbon dioxide: 


AraC—Cl 4- Ag = AraC— + AgCl 

Copper, magnesium, and nickel may also be used. The action of magnesium 
takes place in two phases (see Schmidlin, ‘Triphenylmethyl,'' p. 38). Molecular 
silver is particularly effective (Gomberg, Ber. 39 , 3286), ana Schlenk has used 
molecular copper (Ber. 43 , 1764) or copper bronze (Ann. 372 , 2; Ber. 44 , 1172). 
Nickel carbonyl acts like nickel. The metal takes part in the reaction after split¬ 
ting off carbon monoxide (Schlenk, Ber. 44 , 1176). 
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2. Phenylmagnesium iodide may be used to remove the halogen 
from triphonylinetliyl chloride (Schmidlm, Ber. 43, 1141): 

2 (CJifilaC -C;] + 2 C 6 H 5 MgI - 2 (C 6 H,) 3 C -~ + (^Jl. -f 2 MgCII 

The analogous method of acting iif)on trityl jHa’chlorates with 
phenylmagnesium bromide is of considerable preparative use (Ziegler^ 
Ann. 434, 34). 

3. Sodium diethylphosphite removes the halogen smoothly from 
triphenylmethyl bromide (Arbusov, Ber. 62, 1S71). 

4-, Conant (Am. 45, 2466) foxind that vanadous chloride and 
chromous chloride would remove the acid radical from trityl chlorides 
and other ^^onium’^ salts (Conanty Am. 47, 572; Ziegler, Ann. 448, 
253): 

R—Cl 4- VCI 2 = R— + VCI 3 
R-Ac + CrCh = R— + CrChAc 

5. Tri])hcnylmethyl chloride reacts with sodio-triphenylmethyl 
forming triphenylirndhyl. This shows that not only the halogen 
but also the sodium is loos(‘ly held by the hydrocarbon radical 
(Schlenk, Ber. 47, 1667), 

(CflHOaC—Cl + Na—CCCeHtla - NaCl + 2 (CellOsC 

6. An analogous reaction takes place between triarylmc^thyl clil<^ri(l('s and 
triarylmethanes in sunlight {Schlenk, Ber. 43, 3544): 

AraC—Cl + H~ CAr» == IICl + 2 ArC, 

The chemical methods of removing halogen from the trityl halides 
are followed by some methc^ds of theoretical rather than practical 
interest, which depend on the spontaneous decomposition of the hal¬ 
ides or their decomposition by physical methods: 

7 . The halogen in triphcmylmcthyl iodide is so loosely held by the hydrocarbon 
radical that the compound breaks down to the extent of Vs even at ordinary tem¬ 
peratures {Gomberg, Ber. 35, 1826). 

(C6H.)3C—I - (C.Hs)3C— + I 

S. The halogen (;an be r(‘inov(Ml from t.ripheiiylmethyl chloride by means of 
cathode rays (Schlenk, Ann. 372, 14). 

9. Trityl halides, dissolved in liquid sulfur dioxide, can be elec¬ 
trolyzed, when (C 6 H 5 ) 3 C— separates at the cathode. Complex ions 
must play some part (triarylmethyl halides form addition compounds 
with sulfur dioxide, Schlenk, Ann. 372, 9). 

IL Breaking of the bond between the trityl radical and sodium (or 
potassium; method 5 may be included here also). 

10. Sodio-triphenylmethyl can be decomposed into the radical and sodium 
peroxide by careful shaking with air. The totramethylammonium compound 
of the trityl radical behaves similarly: 

2 {C6H5)iC—Na -f O 2 - 2 (CsHOaC— + NasO^ 

11. The metal can also be removed by the action of aromatic ketones. Metal¬ 
lic ketyls are formed (see later): 

(C«H6)aC—Na -f 0=-CAr2 - (C«HB)aC— + NaO—CAr 2 
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12. An almost ideal method of removing the metal is by means 
of tetramethylethylene bromide (Ziegler, Ann. 437, 232): 

2 ArjRC—K + (CH,)jCBr—CBr(CH,), = 

(ArJiC—), + (CHa) 2 C=C(CH,), + 2 KBr 

An important reaction by which the starting material for the above 
reaction can be obtained depends on the power of tertiary ethers, 
which contain at least one aromatic group attached to the central 
carbon atom, to break down when treated with potassium: 

AraRC -O—CHa + 2 K = AraRC--K + K—O—CHa 
(Ziegler, Ann. 437, 227, 241; .see also Ber. 56, 1740, 2453). 

13. Tritylmagnesium chloride enters into similar reactions to the trityl alkali 
metals (see Sdimidlin “Triphenylmethyl,” p. 40). 

III. Breaking the bond between trityl radical and nitrogen^ which is 
possible under certain circumstances {Wieland). 

IJf. The dissociation of trityldiphenylamine in bcnling xylene is 
interesting from the theoreticial x)oint of view {Wieland.^ Ann. 381, 
215): 

- (CeHr,)3Cl~*- + -~N(CeH5)» 

15. The decomposition of azo-triphenylmethane, which occurs 
even at 0°, is of some preparative importance. The azo-compound 
is readily obtained by oxidation of the corresponding hydrazo-com- 
pound (Wiela'nd, Ber. 42, 8021): 

(CJT5)«C-N-N--C(C6Tl5)3 - 2 {C.B.W-- + N, 

16. The study of the analogous fission of triarylmethaneazo- 
benzene and similar (^oin})ounds, ArsC—N—N—Ar, has given valu¬ 
able conclusions on the occurrence of free aryls in (diemical reactions, 
and led to the preparation of the radical of the basic triphenyl- 
methane dyes (Wiclandy Ber. 55, 1810). 

IV. Breaking the bond between trityl radical and oxygen. This occurs in trityl 
ethers and is only of theoretical interest. See also 12 above. 

17. Hydroqumone-6is-trityl ether d(H!oinposes on heating into quinonc and 
two trifyl molecules (Sckmidliny Ber. 43, 1302). 

V. Breaking the bond between trityl radical and sulfur (Blickcy Am. 45, 544, 
1965). 

18. N -Pentamethylene-S-trityldithiourethan, CsHioN • C(: S)S • CArg, breaks 
down in solution even at ordinary temperature forming the free trityl. 

19. Trityldisulfide behaves similarly. 

VI. Breaking the C—C bond between two trityl radicals. The 
breaking of this linking is implied in all the above methods for obtain¬ 
ing trityls. If this does not take place, the practically pure dimer is 
obtained (see, for example, method 12). 

20. In many cases polyarylethanes, which are not dissociated at 
all at ordinary temperature, may be dissociated on heating (Schlenkj 
Ber. 43, 3542): 

2 Ar,C~CHArj • 2 Ar,C— + (—CHAr,), 
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The decomposition of asymmetric polyarylethanes is of special inter¬ 
est, since each of the two fission products can dimerize, and three 
ecjuilihria exist. The most important dissociation of this kind occurs 
with octaf)henylpr()i)arie. It is almost com]fieto at ordinary tempera¬ 
tures. Its study led to the discovery of peiitapheriylethyl by Schlenk 
and Mark (Ber. 55, 2285): 

AraC- CAr-i —CArs == ArsC— -CArj “(-Ars 

METHOD. In the preparation of the triaryimethyls it is essi^ntial to (exclude 
air, as tiie radicals ar<^ very readily at,tacked by it. A]#- is replaced by an indiffer¬ 
ent gas, CarVjon di()xide, hydrogtai, and nitrogen have be(‘n used for this purpose. 
Carbon dioxide cannot , howt^ver, always be us(‘d, as it soinetinies reacts with 
the inatcirials from which th(^ radicals are j)ref)ar(‘d, e.g. Ar^CNa. For the same 
reason it is oft,(ui iiecc^ssary t.o exclud(* all moisture, though the triarylmethyls 
themselves arc not at tacked by water {Scklmky Ber. 44 , 1174). The rapid dif¬ 
fusion of hydrogen makes its use unsuitable in many typers of apparatus. In 
general, (,h(;refore, the triarylmethyls are prepai'ed in a current of nitrogen. For 
details of the apparatus for obtaining and working with the triarylmethyls, see 
Gomherg, Ber. 37 , 1629, 2034, 2044; Am. 39 , 1052; Schmidhii, Ber. 41 , 423; 45 , 
3170, 3180, 3191; Schlenk, Ann. 372 , 10 ; Ber. 46 , 2843; Houben-Weyl, Method. 
d(T org. Chem,, 2nd ed., TV, 959 £f.; Ziegler, Ann. 434 , 04; 445 , 281; 473 , 182; 
479 , 105, 302; 504 , 152. Sonu* of thes(^ methods are nwiewcul in Walden, Chem. 
dor fr. Rad., pp. 58-63, 87, 119, 122. Schlenk, Ber. 46 , 2843, has developed a 
very simple and elegant nudiiod of working with sensitive radicals, in his work on 
the metallic ketyls (q.v.). 

PROPERTIES. The essential properties of the triarylmethyls 
are governed by their tendency tow’ards association. This depends 
on the type of substituents (Schlenk). On the one hand it can lie en¬ 
tirely lacking, as in tribiphenylylrnethyl, (p-CoHr, ™C 6 H 4 —) 3 C., of 

which the dimer is unknown (Ann. 372,1). On the other hand, it can 
be so strong that only the dimer is known. 

This is tlie case with the hydrocarbon obtained from biphenylene- 
p-biphenjdylmethyl chloride: 


CoH 4\ /Cl 

I >C< 

Cell/ \c«H 4—CoIL 


which is only known as the com])let(dy undissociated dtbipheriylene- 
dibij)henylyle1.hane (Schlenk^ Ann. 372, 21): 

CfltLv /C 6 H 4 

I \c-C< I 

C,li/ I I \C.H4 

Cnlh Ci2H« 


The triarylmethyls are highly colored; their dimers are colorless. 
The majority of the triarylmethyls show a tendency toward associa¬ 
tion ])etwoeii the two (extremes. In the solid form they are colorless 
and therefore dimeri(^ (Schmidlin, Ber. 41, 2473; Schlenky Ber. 43, 
1757). In their colored solutions there is an equilibrium between the 
ethane form and the radical. The color of these solutions deepens 
on dilution, contrary to Beer^s law. This is due to displacement of 
the equilibrium toward the monomeric fonn (Piccard^ Ann. 381, 347). 
Increase of temperature gives the same effect, and cooling reverses it 
(thermochromism). The trityls have characteristic band spectra 



CARBYLS 


397 


{MeyeVy Wielandy Ber. 44, 2557). Their solutions in benzene, acetyl¬ 
ene tetrachloride, or nitrobenzene do not (‘ondiict electricity, hut 
their solutions in liquid sulfur dioxide do {Walden, Z.physikaLChem. 
43, 443; Goirihergy Ber. 37, 2045). This Tuay he due to the formation 
of complex ions. For an exhaustive ac(X)unt of the colorimetric, 
spectroscopic, and (conductometric work on the l.riarylmethyls, see 
Walden, Chein.der fr.Rad., pp. 190, 182, 154. 

CHEMICAL PROPERTIES. The outstanding; chemical prop¬ 
erty of the triarylrnetliyls is tinur unsaturation. The foliowinf; re¬ 
actions are important: 

1. Oxygen reacts very raj^idly with triarylmethyls forming the 
colorless hfs-triarylmethyl j)eroxides, which are difficultly soluble 
in the usual organic solvcmts {Gomberg, Ber. 33, 3154): 

2 ArsC'-h 0*2 = AraC—O -O—CAr» 

On this reaction and the equilibrium between tri])henylmetfiyl and 
hexaphenylethane, depends the historically important ^‘Schmidlin 
experiments^: 

‘^Completely pure, colorle.ss trif)honylchlorom(cthane is shaken with half a test- 
tube full of benz(uio and some zinc dust, the, mouth of the tube being (dosed with 
the thumb. Th(; yellow solution is filUcrcd into a large, wide, tcvst-tube. The 
filtenid yellow solution beccomes momentarily d(;(colorized on shaking, but on 
standing becomes rapidly (coloi’ed again. The color can be ‘shaken away’ many 
times.” 

For the mechanism of the oxidation of th(‘ triarylmethyls, in which the primary 
peroxidic radical with monovalent oxygen, ArjC -()—O—, is formed, and is the 
carrier of a n^action chain, see Ziegler, Ann. 504, 102, 182. Details are also given 
of the stoi(^hiometric oxidat ion in tlu; presence of pyrogallol (method of estimat¬ 
ing 1-he dissociation constant of hexaarylethanes). 

2. Quinone redacts with triphcuylmethyl in the same way as 
oxygen. Two molecules of the radical add on {SchmidUn, Ber. 43, 
1300). This is the reverse of method of formation 17. 

AraC— -h O—CfiHr-O + —CAr, - Ar.C -O T^eH4—0—0Ar, 

2 a. Isoprene and similar substances add on two molecules of 
triarylmethyl in the same way, at the ends of the conjugated system 
(Conant, Am. 55, 3475). 

3. Oxidizing agents (chromic acid, permanganate) convert tri- 
phcnylmethyl into triphenylmethanol (Schlerik, Ann. 394, 182). 

4 . Halogens readily add on to triarylmethyls, though by the 
direct action of chlorine and bromine at —10°, substitution also oc¬ 
curs (Gomberg, Ber. 33, 3158). The addition of iodine, which can be 
followed volumetrically, is not quantitative (see method of formation 
7 and Gomherg, Am. 45, 190; Ann. 479, 292). The reaction goes to 
compk'Aion if quinoline is added. The quinoline remov(is the trityl 
iodWe as it is formed, and in this case the reaction can be used for the 
determination of the concentration of a solution of the radical 
{Ziegler, Ann. 504, 149). In contrast to iodine, bromine reacts with 
both triphenylmethyl and hexaphenylethane, of which the central 
bond is readily broken {Ziegler, Ann. 479, 299). 

5. Hydrogen reacts with triphenylmethyl only with difficulty, 
resembling in this respect the metals. Energetic hydrogenation, 
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however, leads, as would be expected, to triphenylmethane {Gom- 
berg^ Ber. 36, 381; Schlenky Ber. 44, 1174; Schmidlin, Ber. 45, 3190; 
Wieland, Aim. 401, 240). 

6 . Sodium and (more readily) potassium, react with the triaryl- 
rnethyls with formation of hij^hly colored addition j)roducts (Schlenky 
Ber. 47, 1004): 


ArgC ™ + Na - ArsC—Na 

llie alkali metalH arc used in powder form, being obtained by shaking with hot 
liquids, e.gf., xylene (Na, m.j). 97.8®) and benzene (K, m.p. 62.5°). 

Triphenylmethyl only reacts with difficulty according to this equation, being 
converted largely into p-benzhydryltetraphenylmethane. Brick-red triphenyl¬ 
methyl sodium can, however, be prepared by the use of sodium amalgam and fol¬ 
lowing a special method, without difficulty. 

For th(‘ alkali mentals as a reagent for weak valences in organic, compounds see 
Ziegler, B(t. 56, 1740. It is there metitioned that potassium will readily break 
down 1,1,2,2-tetrapheiiylethane, which is uiidecomposed at 380°. 

In a similar manner to the above mentioned elements, radicals will 
also add on to the triarylmethyls: 

7. Nitric oxide forms triphcnylnitrosomethane with triphenyl¬ 
methyl, but the substance is very unstable and cannot be isolated 
(Schlenk, Ber. 44, 1170). For the determination of the dissociation 
constant of dissolved hexaarylethanes with the aid of this reaction 
(in the presence of aniline), see Ziegler^ Ann. 504, 137. 

<?. Nitrogen dioxide (or tetroxide) converts triplnmylmethyl into 
(a little) triphenylnitromethane, and (much) triphenylmethyl 
nitrite. If the proportion of NO 2 molecules in the gas is increased by 
heating, the yield of triphenylnitromethane is increased {Schlenk, Ber. 
44,1171): 


(CflH,)aC— + —NO 2 = (C6H5)3C--N02 

8a. For the formation of triph<*nylmethyl perchlorate from triarylmethyl and 
(CIO 4 )*, see Gomberg, Trans. Faraday Soc. 30, 24. , 

9. Nitrogen diaryls (tetraarylhydrazines at the dissociation tem¬ 
perature) add on to triphenylmethyl (reverse of method of prepara¬ 
tion 14 ) to give trityldiarylamines {Wieland, Ann. 381, 215; Ber. 45, 
2605): 


(CflHdsC— -f —NArj = (CelW^C—NAr* 

10 . p-Dimethylanilinodisulfide reacts with triphenylmethyl in 
boiling xylene like the tetraarylhydrazines {cf. 9) although, according 
to Lecher, the disulfide is not decomposed into radicals at the tempera¬ 
ture of the experiment (Ber. 48, 527; cj. on the other hand, Schdnberg, 
Ber. 66, 1932, and p. 453): 

2 (CfllD.C— + (CH,)2N—CW 4 --S---S--C6H4---N(CH8)2 = 

2 (CaH6)3C—S—CeH4~N(CHs)t 

11 . Diazomethane, which often acts as if it were free methylene, 
reacts with triphenylmethyl with formation of hexaphenylpropane 
{Schlenk, Ann. 394, 183): 

2 (CeHOjC- + CH 2 N 2 « [(CeHe),C]2CH2 -f N, 
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12. Carbon monoxide, contrary to expectations, does not react 
with triphenylmethyl. This is of some importance in connection 
with the valence relationships of carbon monoxide (Schlenk, Ber. 

44, 1176). 

18. Water also does not react with triphenylmethyl {Schlenk, 
Ber. 44, 1174). This is remarkable because many other compounds 
with mobile hydrogen react with triphenylmethyl, as shown in some 
of the following reactions {15-19). 

14- Hydrogen chloride converts triphenylmethyl (in dry benzene 
solution) into p-benzhydryltetraphenylmethane ( Tschitschihabin, • 
Ber. 37, 4709; 41,2421): 

2 (C6H5),C;- = '(C,Ht),CH-<f~^- CCCeHs), 

The explanation of this reaction, which is called, for short, TschiischihabirCs 
transformation, was of the greatest importance because for some time p-benz- 
hydryltetraphenylmethaue was mistaken for hexaphenylethane, and so hindered 
the true explanation of the colorless ''ethane” form of triphenylmethyl. Besides 
the above-mentioned product, about 0% tripheiiylmethane and triphenylmethyl 
chloride are formed by the action of hydrogen chloride on triphenylmethyl 
(Schlenkf Ann. 372, 8). 

15. Hydrogen chloride acts on other triarylmethyls completely 
as described in the note above {Schlenk, Ann. 372, 8; Gomherg, Am. 
41, 1655; 45, 207): 

AraC- -f HCl + -CAra « AraC-H -f Cl-CAra 

16. Phenol reacts with triphenyhnethyl at 50*^ forming tri- 
phenylmethane and 7 >hydroxytetraphonylmethane {Schmidlin, Ber. 

45, 3180): 

2 (C6H6)3C— + OH = (CeH5)aC—H + (C6H5)aC-»C6H4—OH 

17. 0 - and p-Xylene at the boiling point react in the same way 
as phenol on triphenylmethyl: 

2 (C6H6)3C- + H—C6Ha(CHa)2 - (C«H5)sC—H -j- (CeH5)3C~C6Ha(CHa)2 
{Wieland, Ann. 401, 237). 

If rw-xylene is used, p-benzhydryltetraphenylmethane is obtained in addition 
to tripheny hue thane and some other unidentined products {WielaTid, Ann. 401, 
230, 240). 

18. Phenylhydrazine reacts even at ordinary temperature with 
triphenylmethyl, giving triphenylmethane and a,i5-tritylarylhydra- 
zines {Schlenk, Ber. 44, 1175): 

2 AraC— 4- H—Nil—NH—Ar - AfaC-^H + AraC—NH—NH—Ar 

19. Disproportionation of triphenylmethyl. The above-men¬ 
tioned reactions {15-18) are related to the remarkable quantitative 
autodehydrogenation of triphenylmethyl, which t akes place when the 
benzene solution is exposed for a long time (45 days) to diffuse day¬ 
light. TriphenyImethane and dibiphenylenediphenylethane are 
formed {Schmidlin, Ber. 45, 1344; Wieland, Ann. 401, 236; Bowden, 
J. 1928, 1149): 
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CJLv /C«H4 

6 {CAhO- - 4 (C«H6)3C--H + 1 >C(C6H5)--C(C6H5)< I 

Cell/ \C 6 H 4 

^0. Like the metals, triarylrnethyls can mutually precipitate each 
other from solutions of their salts {Schlenkj Ann. 394, 199): 

(CdhhC— -f (Cells ~~~C6H4)2(CeIIr.)C~Cl - 

(CcHr.)»C—Cl + (CeHs—CeTl4)2(C6Hs)C-~ 

^1, Molecular compounds. Gornherg has shown that triphenyl- 
methyl has a great tendency to form molecular comi)ounds with the 
most varied substances (Ber. 38, 1333, 2447; Am. S7, 2569; Rogers, 
Am. 50, 149). In nearly every case, two molecules of triphenylrnethyl 
add on one molecule of the other substance. It has not yet been 
shown wdiether this is really a property of triphenylrnethyl or of hexa- 
phenylethane. The following substan(;es combine with triphenyl- 
methyl to give molecular compounds: (a) ketones other than ace¬ 
tone ; (h) esters other than methyl and ethyl formate; (c) ethers and 
thioethers; (d) nitriles; (e) carbon disulfide; (/) chloroform; (< 7 ) 
amylene; (h) aromatic hydrocarbons (benzene and homologiies); 
(i) hydroaromatic hydrocarbons (cyclohexane and methylcyclohex- 
ane); (/c) paraffins (heptane, octane, decane, but not hexane). These 
compounds have considerable theoretical interest. 

Quinoid nature of triarylrnethyls? Gomberg proposed the con¬ 
cept (which has been much questioned) that, in solutions of hexa- 
phenylethane, there was, in addition to dissociation, a tautomeriza- 
tion of triphenylrnethyl to a quinoid form: 

CeHsv /H 

See Walden, Chem. der fr.Rad., p. 198 ff., and Gomberg, Am. 47, 2373; 
48, 1345; Wooster, Am. 51, 1163; Goldschmidt, Ber. 53, 47; Ziegler, 
Ann. 473, 169 ff. According to Ziegler and others, there is no evi¬ 
dence for the existence of such a tautomeric equilibrium in the case 
of the triarylrnethyls. 

Effect of groups on the degree of association of triarylrnethyls. 

It has been supposed for some time that the degree of association of 
the triarylrnethyls depends on the electrochemical nature of the 
groups present. The question may be investigated by considering the 
basicity of the triarylmethanols {Ziegler, Ann. 458, 229) and the deter¬ 
mination of the conductivity of solutions (usually in liquid sulfur di¬ 
oxide) of carl)onium salts (determination of tendency of triarylmethyl 
chlorides and analogous compounds to tautornerize—connection with 
transition into solvated ionic state, Ziegler, Ann. 479, 90). The re¬ 
sults of these experiments made it possible to arrange the groups in a 
“basicity series.^^ The following series, which is arranged with in¬ 
creasing j>ositive action of the aryls, will serve as an example (Ziegler, 
Ann. 479, 103): 

CeH5~-; ^-CioHr--; p-CelL—C«H4—; a-CioH7—; 

p-CHr-CeH4—; a-CH,0-~C6H4—; p-CH^O-CeHi—; 
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In spite of the great number of investigations carried out in this direc¬ 
tion, no simple connection has yet l)een traced betw(H?n electrochemical 
cliaracter and tendency toward association of a radical {Ziegler, Ann. 
479, 116). At present we must be satisfied with the fact that the re¬ 
placement of i)henyl grou})8 in triphenylmethyl by biphenylyl or 
naphthyl radicals decreases the tendency of the central carbon atom 
to association. 


1. Triarylniethyls 

Triphenylmethyl, trityl, (C 6 H 6 ) 3 C—, is yellow in solution, but 
colorless when crysi,alline (dimeric form), m.p. 145-147^^, with a red 
coloration {Goniberg, Ber. 37, 2037). Hexapheiiylethane first 
gives a colorless solution, which becomes yellow owing to dis¬ 
sociation. For mok'.cular weight determination, see Schmidlin, Ber. 
45, 3181; Gomherg, Am. 39,1652 (cryoscopic); Schlenk, Ann. 394,179 
(b.p,). The degree of dissociation in l)enzene at 5.5° is about 2% 
and, at 80.5°, about 27%. In naphthalene at 79°, it is about 21%. 
The dissociation constant in naphthalene is 0.0028. The heat of dis¬ 
sociation of hexapheiiylethane is 11.5 kcal. {Ziegler, Ann. 473, 180). 
Velocity of dissociation and heat of activation of hexaphenylethane, 
see Ziegler, Ann. 504, 131, 182. Colorimetric determinations with 
trityl solutions, see Wieland, Ann. 381,349; Schmidlin, Ber. 45, 3181; 
Ziegler, Ann. 473, 163. Absorption spectrum in organic solvents and 
liquid sulfur dioxide, Meyer, Ber. 44, 2559; Schlenk, Ber. 46, 1480. 
Electrical conductivity of liquid sulfur dioxide solutions, Walden, 
Z.physikal.Chem. 43, 443, 451; Gomberg, Ber. 37, 2045; 38, 1342; 
Schlenk, Ann. 372, 11. Heat of combustion at constant volume, 
2377.7 kcal; at constant pressure, 2380 kcal. Heat of formation, 
— 71 kcal. {Schmidlin, C.r. 139,733; Ann.chim. [8], 7, 251). Molec¬ 
ular volume of hexaphenylethane, Ziegler, Ann. 473, 194. Methods 
of formation and chemical jirojierties, see above. Peroxide, m.p. 185- 
186° (according to Schmidlin, m.p. 193°). For Schmidlirds exiieri- 
ment^’ see p. 397. 

TRITYLS WITH TOLYL RADICALS. Diphenyl-p-tolylmethyl, 
phenyl-di-p-tolylmethyl, and tri-p-tolylmethyl. Tlujse liav(i only 
been obtained in solution. Their colors are oraTige-yellow, orange, 
and orange-red, respectively {Gomberg, Ber. 37, 1626). Absorjition 
spectrum of tri-p-tolylmethyl, Meyer, Ber. 44, 2559. Peroxides, m.p. 
170-171°, 147-148°, and 169-170°, respectively. 

TRITYLS WITH BIPHENYLYL RADICALS. Diphenylmonobi- 
phenylylmethyl, diphenyl-p-xenylmethyl, 4-phenyltrityl, (C 6 H 6 ) 2 - 
(p-C 6 H 5 -C 6 H 4 )C—, has only been obtained in solution (in benzene it 
is orange-red, and is about 15% dissociated at 5.5°) {Schlenk, Ann. 
372, 6; 394, 186). Absorption spectrum, Schlenk, Ber. 46, 1480. 
Peroxide, m.p, 180°. 

Phenyldibiphenylylmethyl, phenyldi-p-xenylmethyl, (CeHs)- 
(p-CeHr,— 0 ^ 4 ) 20 —, is red in solution (dissociated to the extent of 
about 80% in benzene at 5.5°), and is colorless in the solid state 
(dimer) {SchleJik, Ann. 372,6; Ber. 43,1756). Absorption spectrum, 
Schlenk, Ber. 46, 1480. 
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Tribiphenylylmethyl, ir^’s-p-biphenylylmethyl, tri-p-xenylmethyl, 

(p-CeHs—C 6 H 4 ) 3 C—, is only known in the monomolecular form. 
Solutions transmit deep violet light, but in thin layers the solution ap¬ 
pears greenish. It forms greenish black crystals, melting at 186°. 
This was obtained by Schlenk as the first i)ure free organic radical 
(Ann. 372, 1; Ber. 46, 1475). Peroxide, m.p. 198°. 

TRITYLS WITH NAPHTHYL RADICALS. Diphenyl-a-naph- 
thylmethyl, (C 6 H 6 ) 2 («“C]oH 7 )C—, is a greenish black powder (Schlenk, 
Ann, 394, 193) and pale yellow crystals, m.p. 135-137° (Gomherg, 
Am. 39, 1652; 41, 1655). The solution in benzene (wine red) is 
about 59% dissociatc^d at 5.5°. Dissociation constant in nitroben¬ 
zene, 0.06. In naphthalene at 79°, it shows ultradissociation. Molec¬ 
ular weight for the monomeric substance, calc. 293, found 264. 
Ultradissociation constant in naphthalene, 0.00114 (Walden, (^hem. 
der fr.Rad., pp. 290, 300). Paramagnetic suscej^tibility, G. N. Lewis, 
Proc.Nat.Acad.Sci. 11, 456. Peroxide, m.p. 172-173° (decomp.). 

Phenylbiphenylyl-a-naphthylmethyl, (C 6 H 6 )(p-C 6 H 6 —C 6 H 4 )- 

(o;-CioH 7 )C—, yellowish brown crystals; solution in benzene, deep 
reddish brown. In this solvent it shows ultradissociation at 5.5°. 
Molecular weight of the monomeric form, calcd. 369, found 348. 
Peroxide, m.p. 155° (Schlenk, Ann. 394, 195; Schmidlin, Ber. 45, 
3183). 

Dibiphenylyl-a-naphthylmethyl, (p-CeHs—C6TT4)2(c^’CioH7)C--, is very similar 
to the above (Schlenk, Ber. 46, 1482). 

Diphenyl-/3-naphthylmethyl, (C 6 H 6 ) 2 ( 0 “Cvion 7 )C—, m.p. 135-140°, 
with a red coloration. Degree of dissociation in naphthalene at 79° 
about 47%. Dissociation constant in naphthalene 0.029, and in 
nitrobenzene 0.006. The following comparison of conductivity 
and color in liquid sulfur dioxide solution is interesting. Radi¬ 
cals arrangc'd in order of decreasing conductivity: diphenyl-a- 
naphthylmethyl (green); diphcnyl-0-naphthylmethyl (red); tri- 
phenylmethyl (orange-yellow). Diphenyl-/3-naphthylmethyl perox¬ 
ide, m.p. 166° (Gomherg, Am. 44, 1810; Ziegler, Ann. 473, 172). 

Tri-/3-naphthylmethyl, (/3-CioH7)3C—, crystallizes from its violet- 
rod solution in (;rystals resembling chrome alum, and soon loses its 
color (even in carbon dioxide). In order to determine its molecular 
weight it must therefore be prepared in the Beckmann apparatus 
by the ^^ction of excess of silver on the chloro derivative. The values 
obtained are not very concordant, but indicate considerable dissocia¬ 
tion (Tschitschibahin, J.pr. [2], 88, 515). 

HALOGENATED TRIARYLMETHYLS. Halogenated tri- 
phenylmethyls (Ber. 37, 1633). p-Chloro, p-bromo-, and p-iodo- 
triphenylmethyl, have been obtained only in solution (colors: wine 
red, orange-red, orange-red, respectively). Peroxides, m.p. 165°, 
167°, 169°, respectively. Tri-(p-chlorophenyl)-methyl, (p-Cl—- 
C 6 H 4 ). 3 C>“- , obtained only in solution, has a deep magenta color. 

p-Bromo-diphenyl- 1 -naphthylmethyl, (C 6 H 4 Br) (C'gHb) (a-CioHr) - 
C—, gives a violet solution. Peroxide, m.p. 146° (decomp.) 
Diphenyl-4-bromo-l-naphthylmethyl, (C 6 H 6)2 (a“CioH6Br)C—, gives 
a brownish red solution. Peroxide, m.p. 153-154° (dec.). Poly- 
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meric peroxides have been obtained of both methyls, the forma¬ 
tion being due to the action of oxygen on free radicals of the second 
order (Gomberg^ Am. 45, 1765). 

NITRATED TRIARYLMETHYLS. Nitrated triphenylmethyls: 
mono-p-nitro, di-p-nitrotriphenylmethyl are only known in solution, 
in which both substances are dec]) green, and, in higher concentra¬ 
tions, red. They are very inistable compounds (Ziegler, Ann. 479, 
114). Tri-( 7 >-mtrophenyl)-methyl, (P-O 2 N—06114)30—, forms deep 
green crystals when viewed by reflected light. The crystals have a 
coppery luster, and are considerably dissociated (Ziegler, Ann. 458, 
254). 

For other nitrated trityls, see under methoxylated triaryl me thy is. 

HYDROXYLATED TRIARYLMETHYLS. The experiments of 
Gomberg and his co-workers to obtain j)-hydroxy- and e-hydroxy- 
triphenylmethyl were sul)ject to the interference of side reactions 
(Am. 37, 2575; 45, 190). The latter compound was obtained in the 
form of its peroxide, m.p. 131"^. Recently it has been found possible 
to prepare, in solution, a triarylmethyl with a free hydroxyl group, 
3-hydroxy-2-naphthyldiphenylmethyl, (H()) [3 JCioHy [2] CXC 6 H 6 ) 2 . 
This compound is deep brown in benzene solution, and exists to the 
extent of 85-90% in the radical form. Peroxide, m.p. 145° (Gowr 
berg, Am. 47, 2392). 

METHOXYLATED TRIARYLMETHYLS. e-Methoxytriphenyl- 
methyl, (CH 30 )[ 2 ]C 6 H 4 [ 1 ]C(C 6 H 5 ) 2 , colorless in the solid form 
(m.p. 117-121°) gives an orange-red solution. Dissociation constant 
in benzene at 5.5°, about 26%. Dissociation constant in benzene, 
0.0046. Peroxide, m.p. 160-161° (dec.) (Gomherg, Am. 45, 190). 

p-Methoxytriphenylmethyl, CH 30 [ 4 ]C 6 H 4 [ 1 ]C(C 6 H 5 ) 2 , is almost 
colorless (m.p. 145-150°), but gives an orange solution. Degree of 
dissociation in benzene at 5.5°, about 24%. Dissociation constant 
in benzene, 0.0029; in other solvents, see Walden, Chem.der fr. Rad., 
p. 291. Peroxide, m.p. 157° (Gomberg, Am. 45, 207). 

2,5-, 2,4-, and 3,4-1)imethoxytriphenylmethyls, are similar to the 
above. Only the first of these has been obtained in the solid state. 
Peroxides, m.p. 149°, 146°, 162.5°, respectively (Gomberg, Am. 47, 
2373). 

7 )-Methoxy-p-nitrotriphenylmethyl, di-p-methoxy-mono-p-nitro- 
triphenylmethyl, mon o-p-methoxy di-p-nitrotriphenylmethyl, be¬ 
have in exactly the same way as the mono- and di-p-nitrotriphenyl- 
methyls described above. 

BENZYLATED HYDROXYTRIPHENYLMETHYLS. The preparation of o- 
benzylox)^riphenylmethyl, is complicated by the interference of side-reac¬ 
tions, but the peroxide has been obtained, m.p. 153° {Gomherg, Am. 45, 207). 

p-Benzyloxytriphenylmethyl, C6H6CH20[4]C6H4[l]e(C6H5)2, is 
almost colorless (m.p. 142-145°), but it gives an orange-yellow 
solution. Degree of dissociation in benzene at 5.5°, about 34%. 
Dissociation constant in benzene 0.0056; in other solvents, see Wal¬ 
den, Chem.der fr.Rad., p. 292. Peroxide, m.p. 171° {Gomberg, Am. 
45 , 207). 
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ACYLATED p-HYDROXYTRIARYLMETHYLS. Radicals of this kind have 
usually only bee^n obtained in solution (cherry red). They are obtained from p- 
hydroxytriphenyhnethyl by replacement of the phenolic hydrogen by carbethoxy, 
acetyl, or benzoyl groups. Peroxides, iii.p. 171°, 172°, and 167° (dec.) (Gwn- 
berg, Am. 37, 2575). The carbethoxy derivatives of the following methylated 
hydroxytrityls have been obtained: HO f 4 ] CH 3 [3 ] Cells [ 1 j C (Celle) 2 and HO [ 4 ] - 
CH3[2]CeHi,| llCHCellftL. Peroxides, m.p. 161-162°, 141-142° (decomp.) 

(Gumberg, Am. 38, 1577; 39, 1074). 

RADICALS OF THE BASIC TRIPHENYLMETHANE DYES. 

The preparation of tli(^ radicals of malachite gretai and crystal violet 
is of particular importance, b(‘cause these compounds, contrary to 
all expectations, are only orange-yellow in color (in the cold; at 90®, 
they are orange-red) (Wieland, Ber. 55, 1820, 1830; see method of 
formation 76*, p. 399). Both radicals, bis-(/)-dimethylamino)“tri- 
phenylmethyl and i/z\s-(p-dimethylamino)-triphenylmethyl (\annot 
be distinguisln^d in color in solutions of the same concentration. 
Their spectra show characteristic absorption bands. Like their 
colorless peroxides, they are very unstable. For their preparation 
from 1h(' triphenylmethane dyes, see Conant, Am. 53, 676. 

TRIARYLMETHYLS WITH CLOSED RINGS. From the con¬ 
stitutional point of view those triarylmethyls in which two aryl 
groups are linked together have a certain intiirest. There are very 
great differences between the capacity of the various compounds in 
this group to exist in the form of radicals. Ring closure, in itself, is 
without cff'ect on the tendency toward association. If the linking 
between the two aryl groups is direct, practically the whole yield is 
in the form of the dimeric trityl with a fluorene linking. If, on the 
other hand, the aryls are linked with an intermediate polyvalent 
atom, trityls are formed in w^hich the central atom is a member of a 
six-atom ring. Trityls with six-membered heterocyclic rings have 
been prepared in large numbers. 

FLUORENYLS AND bis-FLUORENYLS. In spite of its close 
resemblance to triphenylmethyl (I), the trityl with a fluorene linking, 
derived from it (II), is, rather surprisingly, completely bimolecular 
(even in solution, at least at ordinary temperatures). Another sur¬ 
prising fact is that the replacement of the phenyl group in (II) by a 
biphenylyl radical (III) still further increases the tendency to associa¬ 
tion. 



9-Phenylfiuorenyl, phenylbiphenylenemethyl (see II) and bis- 
(9-phenylfluorenyl), colorless crystals, m.p. 254®, give a brown 
coloration in boiling anisole or ethyl benzoate, which disappears on 
cooling {Schlenk, Ber. 43, 1753). Moleculai'volume, Ziegler^ Ann. 
473, 207. Peroxide, m.p. 193®. 

9-Anisylfluorenyl, anisylbiphenylenemethyl, and 6fs-(9-anisyl- 
fluorenyl), colorless crystals, m.p. 227-230®. This compound be- 
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haves exactly in the same manner as the previous one on lieating 
in solvents of high boiling point. It is noteworthy that apparently 
the tendency to association is not diminished in this case by the sub¬ 
stitution of anisyl for phenyl, whereas the analogous change in the 
case of triphenylmethyl results in a considerable deci'case in the as¬ 
sociation (p. ‘103). Peroxide, m.p. 192"^, and red coloration, see 
Schlcnkj Ann. 394, 190. 

9-Biphenylylfiuorenyl, biphenylylbiphenylenemethyl (see formula 
III above), and 6is-(9-biphenylylfluorenyl), colorless crystals, m.p. 
175-176^ (Ann. 372, 30). In boiling anisole it develops a brown 
color, but less readily than 9-phcnylfluorenyl (Schlenk, Ber. 43, 1756). 
Peroxide, m.i). 193°. 

HEXACYCLIC CLOSED-RING TRIAKYLMETHYLS.* 10- 
Phenylanthronyl (I), a yellow crystalline powder, dissolving in })en- 
zene v^ith a beautiful red color. Degree of dissociation in benzene 
at 5.5° about 33% (Schlcnky Ann. 394, 191). 


/Colls 
Coll/ ^ 



9-Arylxanthyls (II), yc'llow-colored, crystalline compounds, which 
dissolve in Ix'nzene with a deep nul color (Gonibcrg, Ann. 370, 15S; 
Schlenkj Ami. 394, 188; (Joniherg^ Am. 39, 1652). Degree of dissocia¬ 
tion of 9-phenylxanthyl in benzene at 80.5° is about 82%. 


Xanthyl 


M.p. 


Dissociation constant 
ill CioUg 


M.p. of 
peroxiiie 


Plu'nvl- ir)()-l()8° 

p-Toiyl- ir>(>-158*^ 

opheiiyl- 14^-151 ° 


0.040 
0.050 
0 029 


210’= (dec.) 
212 “ 

213 ° 


Further details of the dissociation of these compounds are given in 
Walden, (duun.der. fr.Rad., p. 288. a-Naphthylxanthyl is charac¬ 
terized by ultradisso('iation in naphthalene at 79°. JMol. wt*. of the 
monomeric form: calc. 307, found 283 (see WaldeM, lac. cii. p. 3)01); 
m.p. 175 177°. ]\‘roxide, m.p. 228-230° (decomp.). 9-Phenyl- 
pheno-/3-naplithoxanthyl (III), m.p. 212-214°, is distinguished from 
the above by the ernerald-gr(‘en color of its solutions. Peroxide, 
m.p. 229° (dec.). 


C^6H4 


< V'6il4 \ /' 

C.oH/ \ 





9-Phenylthioxanthyl (IV), is brownish red in the solid form and 
in solution. Degree of dissociation in benzene at 5.5° about 14%. 
Peroxide, m.p. 187 -188° {Schlenk^ Ann. 394, 190; cj. Gomhergy Am. 
43, 1940). 

2,2'-Sulfonidotriphenylmethyl (V), a bright yellow crystalline 
substance melting at about 180° (dec.). Its solution is orange-red. 
Peroxide, m.p. 238-239° (dec.) (Gofnberg, Am. 43, 1945). 


/C6H4V / 

(V) 02S< 


/CoIL 


C«HsN« 




CeTR 


(VI) 


Numbering according to Beilstein'a “Handbuch.” 
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Diarylacridyls. Chloro-substitution products of 9-phenyl-N- 
phenylacridyl (VI), have been obtained in large numbers in solution, 
and have been separated in the form of their peroxides or iodides 
{Gomberg^ Am. 48, 1345). 


Analogues of Trityl with Heterocyclic Substituents on the Central 

Atom 


While in the above heterocyclic clos(‘d-ring triarylmethyls, the central carbon 
atom is itself a member of a het-ero-ring, analogous trityls can be imagined in 
which heterocyclic radicals (in place of the benzene rings) are linked with the 
central atom. Aspelund (Acta Acad.Aboensis Math.Phys. 6, No. 12) has en¬ 
deavored to obtain such compounds, by introducing the following heterocyclic 
ring systems into diphenylmethyl (or totraphenylethane): 1,3,4-oxadiazole, 
1,3,4-thiadiazole, 1,3,4-triazole, and 1 ,2,4,5-tetrazine. The compounds ob¬ 
tained were usually very unstable, and could be obtained, as a rule, only in the 
form of their peroxides or hydroquinone ethers. Only one oxadiazole derivative 
was obtained in the solid form, viz., 6 i,s'-(biphenylene)-?)is-(phenyloxadiazole)- 
ethaiie: 



2 


in.p. 227° (with red coloration and dec.). The benzene solution of the com¬ 
pound turned slightly red on warming, and a deepcT red in brornobenzcnc. The 
coloration disappeared on cooling, and reapp(^ared on warming. Although this is 
apparently a case of radical formation, the boiling solutions do not react with 
oxygen or iodine. 


3. Trityls with Unsaiurated Substituents 

(C™C, G~C, C“0, C^'-N, conjugated to the central atom.) 

TRITYLS WITH OLpiNIC SUBSTITUENTS. Tlie existence 
of this group of radicals indicates tliat the unsaturated nature of the 
attached group increases the tendency toward dissociation of the 
carbon atom combined with it. Ziegler has studied this class of com¬ 
pounds in detail. The possibility of valence tautomerism makes it 
difficult to assign a definite formula to them (for an attempted ex¬ 
planation on the basis of polycentricity see LowenbeiUj Ann. 487, 97). 

CoHfiv .CH-=C(C6H6)2 

1,1,3,3-Tetraphenylallyl, , is a grass- 

CeHg/ ^ 

green crystalline; powder. Degree of dissociation in benzene at 
about 80%. Peroxide (crude product), rn.p. 146° {Ziegler^ Ann. 
434, 50, 77). Methoxylated tetraphenylallyls: l,l-dianisyl-3,3- 
diphenylallyl and l,l-(o,p,p'-trimethoxydipheriyl)-3,3-diphenylallyl, 
are completely monomolecular in boiling benzene {ZiegleVy Ann. 434, 
50, 72, 74). 

.CH=C(C6H6)2 

9-(/3,iS-Diphenylvinyl)-xanthyl, 0< >C<( , or 

^CeH/ \ 

bi-[9-(i9,/3-diphenylvinyl)-xanthyl], is a closed-ring tetraphenylallyl. 
The radical behaves very much like triphenylmethyl, so that the link¬ 
ing of two phenyl grouy)s by oxygen has the reverse effect on the tend¬ 
ency towards association of tetraphenylallyl than it has on that of 
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triphenylmethyl. The dixarithyl is a colorless, crystalline powder 
(m.p. 144-145'^) which dissolves in benzene with a yellow color. The 
degree of dissociation in naphthalene at 79^ is about 58%. The per¬ 
oxide decomposes at 149 -150° (Ziegler, Ann. 434 , 40, 65). 

l,2,3~Triphenylindenyl (I), exists only in solution, which is colored 
orange-red. The peroxide decomposes at about 155° (Kohler, Am. 
Chem.J. 40 , 217). The compound may be regarded as a 1,1,2,3-tetra- 
phenylallyl, in which the diphenylvinyl radical is linked with an 
aromatic nucleus. 



C,Fl6 

C.He 

C,H5 



i/ 


<.), 


1^/4 ^'CCellj 

1^/ 4^cc,n. 

or 1 

1 





( 11 ) 


Chromenyls (and 6zVchromenyls), examined by Lowenbein (Ann. 
448 , 223) and Ziegler (Ann. 448 , 240; 473 , 172; 504 , 189), can be 
derived from the indenyls (see above) by inserting an oxygen atom 
into the fivc-membered ring. Two tautomeric formulas can be writ¬ 
ten for these radicals, in which they are regarded as either 4-chro- 
menyls or 2-chrom(uiyls. The chromenyls are colorless in the solid 
(dimeric) form, but are green in solution (in many solvents, yellow: 
Ziegler, Ann. 473 , 177). 

2,3,4-Triphenylchromenyl (II), and 2,3-diphenyl-4-(Q;-naphthyl)- 
chromenyl. Degree of dissociation in naphthalene at 79° about 
45% and 65% (in 1% solution), respectively. Dissociation con¬ 
stants in naphthalene, 0.0051 and 0.0162, respectively. Peroxides, 
m.p. 152° and 171°, respectively. 2,3-Diphenyl-4-benzylchro- 
menyl (m.p. 160°, dec.) breaks down at high temperatures (e.g,, 
in naphthalene at 79°; Ziegler, Ann. 448 , 233). 2,3-Diphenyl-4- 
anisyl-6-methylchromenyl, as well as 2,4-diphcnylchromenyls (and 
6z5-chromenyls) methylated in the 6-position, and having the following 
groups in the 3-position: H, CHs, C2PI5, C3H7, iso-CsH^, CaHs, CH2*- 
CeHs, have also been prepared. 

Pentaphenylcyclopentadienyl (III), is a crystalline substance with 
a strong violet color, forming a very deep bluish red solution, m.p. 
260°. Degree of dissociation in benzene at 5.5°, 100%. The extraor¬ 
dinary tendency towards dissociation of the central atom is obvi¬ 
ously caused by the two olefinic groups, linked to each other. Since 
the pentaphenylcyclopentadienol, corresponding to the radical, is 
only slightly basic, it follows that the ^‘widely accepted view that the 
basic character of the carbinol and the tendency to dissociation of the 
corresponding ethane are parallel,” is wrong (Ziegler, Ann. 445 , 266). 


CftHfiv / 

X 

-(5-C.H, (III) 


HC/ '^CH 

(IV) 

in, 
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Dihydropyridyls can be derived from cyclopentadienylenes by 
introduction of an imino group. The best known is N-methyl- 
2,4/)“triphenyldihydropyridyl (IV). So far it has only been ob¬ 
tained in solution, the deep violet color of which indicates considerable 
dissociation {Ziegler^ Ber. 59, 242). 

TRITYL ANALOGUES WITH A PHENYLACETYLENE RADI¬ 
CAL. l,3,3,4,4,6-Hexaphenylhexadiine,[C6HB—C^C—Q(C6 Hb)212, 
s^m-diphenylethinyltetraphenylethane, m.p. 174-175°, with a red 
coloration. Rather surprisingly, this hydrocarlxm shows only a slight 
tendency toward dissociation. Its solutions are colorless at 100°, but 
at higher tein]3eratiircs become colored strongly orange-red (on cooling 
the reverse change slowly takes place). Degree of dissociation in 
camphor {East), about 3%. It is stable toward oxygen {Wielandy 
Ann. 470, 205). 

TRITYL ANALOGUES WITH BENZOYL GROUPS. Not only 
unsaturated hydrocarbon radicals, but also other substituents with 
reactive multiple bonds, can decrease the associative powers of a 
central carbon atom. Goldschmidt (Ber. 61,829) showed that mono¬ 
aryl dibenzoylrnethyl, (C 5 H 5 ) 2 BrC—(p-(' 6 H 4 )—Q(C 0 C 6 H 5 ) 2 , existed as 
a radical in its brownish nid solution. The substance is obtained by 
the action of copf>er powder on diphenyldibenzoylxylylcne bromide, 
(CeH^OsBrC—C(,H4~-CBr(COC6H,02. The highly dissociated com¬ 
pound adds on bromine, the starting material being re-formed. It is 
decolorized by nitric oxide, but is not attacked by oxygen. 

PUMMERERS DEHYDROPHENOLS. These compounds may be regarded 
as radicals with trivalent carbon (a-ketomethyls) or as radicals with monovalent 
oxygen (aroxyls). It is very probable, however, that both forms exist together 
in tautomeric equilibrium, the aroxyl form predominating (R(ir. 61, 1102). Re¬ 
garded as radicals with trivalent carbon, the compounds are related to those d(^- 
scribed above. Since;, howewer, in their chennical properties, their aroxyl nature 
stands out most prominently, it has b(‘en considered better to (leal with them und(;r 
radicals with monovalent oxyg(;n. 


TRITYL ANALOGUES FROM ARYLATED SUCCINIC ACID 
DERIVATIVES. I'lie following diphenyl-^is-coumtiranone: 



\)/ 


I 

.c - 

ko 


Celh 




o 


a 


\o^V/ 


contains carbonyl groups, linked as in lactones. It is also known as 
2,2'-dihydroxytetraphenylsuccinic 5f6-lactone. Some substitution 
products of this 5fs-lactone break down into blue to bluish violet 
radicals in boiling toluene. The 5,5'-dimethyl derivative of the above 
compound has been investigated the most carefully (m.p. 200-203° 
with bluish coloration). Degree of dissociation in toluene at 110°, 
about 20% (in 1% solution). Dissociation constant in toluene, 
0.00109. The radicals are slightly affected by oxygen. Nitric oxide 
has no action (Ldwenbein, Ber. 58, 601). 

Tetraphenylsuccinodinitrile behaves in a similar way. It dis- 
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sociates at 140° into orange colored radicals (Ldwcnhein^ Ber. 58, 600; 
Wittigj Ber. 65, 760; Ann. 513, 26). 

4- Other Trityl Analogues 

PENTAARYLETHYLS. These radicals can be regarded a.s 
trityldiarylmethyls They show that the trityl radical in its capac¬ 
ity as an unsaturated substance affects the association of the central 
carbon atom. The investigation of these theoretically very impor¬ 
tant radicals is due to Schlenk and Mark (Ber. 55, 2285, 2299). 
Pentaphenylethyl is known only in the monomolecular form. Since 
the dissociation of the dimer of this compound is in contradiction 
to the Thiele-Werner principle (p. 389), its investigation led the dis¬ 
coverers to propose new views on the nature of the carbon bond 
(Ann. 437, 208; 487,97). 

Pentaphenylethyl, (06116)20-“ 0(C6H6)3, forms golden yellow 
crystals with a weak metallic luster. Degr(‘e of dissociation in ben¬ 
zene at 5.5°, about 100%. Pentaphenylethyl is prer)ared by method 
5 (p. 394) from octaphenylpropane or decaphenylbutane. The 
hydrocarbons produced then dissociate with formation of penta- 
i:)henylethyl: 

/Cl NaCCCelDs XKCtliOt 

(CJl5)2C< + =2 NaCl 4- 

^Cl NaCKCel-Ws 

(CeHOaCCl NaC(C6H5)2 (CcHdaC—CCCelb)^ 

+ 1 =2 NaCl + - - I - - 

(C«H6)3CC1 NaC(C6H6)2 (Cf.H5)3C-C(CeTT5)2 

Methods 10 to 13 for the triarylnKdJiyls have h(H‘n us(;d more recently for the 
preparation of pcntaarylethyls {Zieglery Ann. 511, 104). 

Pentaphenylethyl beh;ives in an exactly similar manner to tri- 
f)henylmethyl (addition of oxyg(*n, chlorine, and sodium, not affected 
by water). Pcaitaplienylethyl (‘hhn’ide is very n'adily hydrolyzed 
and breaks down, evcai at 35°, into the radical and chlorine (c/. the 
behavior of triplieriylmethyl iodide). The radi(%al (^an also be ob¬ 
tained from the chloi’ide by the action of coi)per-bronzc. 

l-Biphenylene-2-triphenylethyl-(l), | —C(C 6 H 6 ) 3 , pre- 

CcH/ 

pared from fiuorenone chloride and triphenylmethyl sodium, forms 
violet crystals which give a dark red solution. Degree of dissociation 
in'benzene at 5.5°, about 100%. It is noteworthy that the increase 
in tendency to association produced in biphenylenephenylmethyl by 
the biphenylene radical, is not reproduced in biphenylenetriphenyl- 
ethyl. 

DIARYLALKYLMETHYLS (and TETRAARYLDIALKYL- 
ETHANES)* Diphenyl-^cr^-butylmethyl, (C 6 H 6 ) 2 C—C(CH 3 ) 3 , m.p. 
138-141°. Solutions of this hydrocarbon are only slightly colored, 
but on warming to 50° they become lemon yellow. On cooling 
the color fades again. Although the solutions are very sensitive to 
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oxygen, the powerful effect of the triphenylniethyl radical on the 
dissociation of the central carbon atom in pentaphenylethyl, is not 
reproduced by its aliphatic analogue (the ieri-hxiiyl radical) (Conanty 
Am. 50, 2041). Di-p-xenyHer/-butylmethyl, (C 6 H 6 *C 6 H 4 ) 2 C— 
0 ( 0113 ) 3 , a bright orange crystalline substance, m.p. 136-137°, gives 
orange-red solutions even at ordinary temperature. Degree of dis¬ 
sociation in benzene at 5.5°, about 70%. Oomparison with the be¬ 
havior of the foregoing compound shoAvs clearly the effect of the 
xenyl groups on dissociation {Conanty Am. 55, 2098). 

The radicals (C6H6)20 —CHh and (06116)20-OsHg are only 
known in the dimeric forms, as colorless crystalline substances, and 
are therefore to be called tetraphenyldialkylethanes {Zieglery Ann. 
437 , 227). 1,1,2,2-Tetraphenyldimethylethane (= 2,2,3,3-tetra- 
phenylbutane), m.p. 126-127°, is completely stable toward air and 
halogens at room temperature. The ethane binding can however 
be split by potassium, and at higher temperatures it dissolves with 
disproportionation into 1,1-diphenylethane and 1,1-dipheiiylethyl- 
ene. Tetraphenyldiethylethane (= 3,3,4,4-tetraphenylhexane), 
m.p. 85-86°, shows a similar decomposition in benzene solution, even 
at 5°, proceeding at a measurable velocity, and attempts to make 
tetraphenyldibenzylethane have failed, presumably on account of the 
even incroiised tendency to dis])roportionato in this manner. 

$?/m-Diphenyltetrabenzylethane, m.p. 126-127°, is a colorless 
hydrocarbon, wliicli wshows no teiuhaicy to dissociation or dispro¬ 
portionation even at high temperatures. It follows that the effect 
of benzyl groups on the dissociation tendency of an ethane is very 
small {Zieglery Ann. 437 , 235). 

CLOSED RING DIARYLALKYLMETHYLS (and DIMERS). 

r .C 6 H 4 V ( 9 ]/R”] 

XANTHYLS and DIXANTHYLS, 0< >C< . Com- 

L \ J 2 

pounds of the above formula (R = non-aromatic radical) in contrast 
to the already described substances alkylated in the 9-position, show 
a small tendency to dissociation. Co7i.ant and his co-workers (Am. 
51, 1925, and earlier j^apers) have prepared a largo number of these 
dixanthyls, and have examined their soluthms on heating (occurrence 
of color) and the action of oxygen on them. If the substituent (R) is 
linked to the central carbon atom by primary carbon, the dixanthyls 
are colorless, crystalline substances, the solutions only becoming 
colored at high temperatures {e.g.y for R = CH 3 , at 160°). If, how¬ 
ever, the substituent (R) is linked to the central carbon atom by 
secondary carbon, the dixanthyls are yellow powders, whose solutions 
are cherry red in color even at ordinary temperature. In contrast to 
dixanthyl itself (R = H) the compounds are generally affected by 
oxygen (the absorption velocity corresponding to degree of dissocia¬ 
tion). The following dixanthyls with a primarily linked carbon atom 
have been investigated: R = CHa—, CH 3 CH 2 —, (CH 3 )(CH 2 ) 8 —, 
(CH«)(CH 2 ) 6 —, (CH3)2CHCH2-, (CH3)2CH(CH2)2—, C 6 H 5 CH 2 —, 
(CJl5)(CH2)2~, C6H6(CH2)3—, p-C\C,BaCM 2 — a-CioH7CH2—. The 
following with a secondarily linked carbon atom have been investi¬ 
gated: R-(CH 3 ) 2 CH— (CH 3 )(C 2 H 6 )CH—,andfcyclohexyl. Other 
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examples of dixanthyls (R = —COOH and — COOCH3) {Conanty 
Am. 47, 572, 3068? 48, 1743; 49, 2080). 

PENTA- and TETRAARYLETHANES. Pentaphenylethane, 

(C 6 H 5 ) 3 C—CH(CfiHr,) 2 , m.p. 179'^, is colorless both in the solid state 
and in solution. It is split, at tlu‘ (‘thane linkage by i)otassium. On 
boiling in solvents of high boiling point it dissexuates aitcording to the 
equation: 

2 (C6H5)3C—CH(CJT5)2 = 2 (CoTh),C— + 

It follows that lack of a third” aryl group on one side does not 
hinder dissociation into radicals, but lack of a ‘Hhird” aryl group 
on both sides increases the tendency to dissociation (for another 
view of the reaction, see Goldschniidiy Ber. 53, 53). It is to be par¬ 
ticularly noted that this holds not only for 1,1,2,2-tetraphenyl- 
ethane (b.p. 380^), but also for 1,1,2,2~tetrabiphenylylethane (m.p. 
276-279°), which by analogy one wcmld expe(^t to show a tendency to 
disso(;iate (Schlenky Ber. 43, 3541; 44, 1180; 47, 1760; see, on the 
other hand, Schoepfle, Am. 52, 4021, where the supposcxl occurrence 
of free, red Ixmzhydryl is reported). 

The following results obtained by Pancth show, however, that it is 
only a qu(istion of degree. 


5. A Ikyls 

Literature: P\ 0. Rice and K. K. Rice, The Aliphatic Free Radicals, Oxford 
University Press. 

Pancth and his co-work(u*s have shown that the radicals methyl and 
ethyl do exist, though th(\y may be short-lived (Ber. 62, 1335; 64, 
2702, 2708; Z.Elektrochern. 37, 577; see also PearsoUy Nature 129, 
832). According to these authors, the higher alkyls tend strongly to 
decompose into the lower homologues {Pancth, Ber. 64, 2707; RicCy 
Am. 54, 3529). On the other hand when hexane and cyclohexane 
are submitted to the action of cathode rays, the mass spectrogram 
shows new lines indicating the intermediate formation of higher alkyls 
{Conrady Trans.Faraday Soc. 30, 215). Rice (Trans.Faraday Soc. 30, 
152; Am. 56, 1311) has obtained the methyl and ethyl radicals (but 
not the higher homologues) by thermal decomposition of the most di¬ 
verse aliphatic compounds, and has determined the heats of activa¬ 
tion of the dissociation (e.g., H 3 C—CHa- > 2 — CH3 == 79 kcal.). 

See Fraser, Trans.Faraclay Soc. 30, 182, and Bone, ibid, 30, 148. 

Methyl, — CH 3 , is obtained, according to Paneth, by the thermal 
decomposition of lead tetramethyl (or bismuth trimethyl) under 
reduced pressure, in a stream of hydrogen or nitrogen: 

PbCCIIa). > Pb + 4 CHj— 

CHs— carried over with the gas may be made to dissolve films of 
metals (Pb, Bi, Sb, Zn)*by the reverse reaction. The fact that the 
power to remove these metallic mirrors decreases rapidly with dis¬ 
tance from the generating apparatus shows the great tendency of 
methyl to associate to dimethyl. From the time required to remove 
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an antimony mirror by a stream of hydrogen containing methyl under 
definite experimental conditions the half-life of free methyl has been 
calculated to be 10"*^ sec. Recently use has been made of the above- 
described method of obtaining methyl for synthetic purposes {Fraser, 
Trans.Faraday’ Soc. 30, 182). 

Other methods of formation: Propane, butane, and acetone de¬ 
compose at 800-1000’^ with formation of methyl {Rice, Am. 54, 3529). 
The thermal deconifxjsition of azomethane also gives methyl {Leer- 
makers, Am. 55, 3499). The radical is also formcal by the cfecomposi- 
tion of methyl })romi(ie vapoi* with sodium vapor {Polanyi, Z.physikal. 
Chem. B23, 291). 

Ethyl, —CH 2 —CH 3 , is obtained by the tliermal decomposition of 
lead tetraethyl {Paneth, Ber. 64, 2702), and by the action of sodium 
vapor on ('tliyl bromide va])or {Polanyi, loc. cii.) It is produced 
together will) larger quantities of methyl by the thermal decomposi¬ 
tion of propane and butane {Rice, Am. 54, 3529). In its properties 
it complebdy resembles the lower hornologue. Its half-life is of the 
same order. 

For higli{;r alkyls, see above. 

The formation of free plumyl by th(‘ th(?rmal deeomposition of phenylazo- 
triphcnylmetliane {Wieland, i3er. 55, 181(5), and of load telraphenyl and other 
metallic plu^nyLs {Sharov, Bc^r. 65, 1507; Dull, Am. 55, .3898) should also be 
inentioiuHl. An invevstigation of the thermal dissociation of cyanogen into the 
cyanide radical has also been carried out (Kistiakowfiky, J.Chem.Phys. 1, 432) 


6, Dinulicals of the Trityl Type 


These compounds are of interest because of theoretical problems: 

1. Because of the possible tautornerism between the diradicals 
and the ((uinone-dimethides (nomenclature, see Pumrnerer, Ber. 52, 
1392) (and analogous “binding isomers,^^ Ann. 483, 144; cf. 
Schlenk, Ber. 52, 8, and Muller "^): 


Ar-iC- 




-CAr2 


(?) 


AraC: 


-CAra 


2, Because of the possible effect of ring strain on the formation of 
such diradicals {Wiiiig and co-workers, Ann. 505, 17, and earlier 
papers): 


CAra 


'CAr2 


* N. 22, 335; Z.Elektrochem. 40, 542; Ann. 517, 134. The author maintains 
that p,p '-biphcnylene-6js-(diphenylmethyl), dibenzyl-p,p '-6^s-(diphenyL 
methyl), /in-dibenzanthracene, and irradiated rubrdhe are diamagnetic, which is 
contrary to the assumed diradical formula (considerable displacement of the 
equilibrium in favor of the quinoid isomers). 7n,/Al'-Biphenylene-5^^r-(diphenyl- 
methyl) is, on the other hand, according to the magnetic method, 6 =±=2% dis¬ 
sociated into the diradical in 9% benzene solution at 74*^. 


AcAr, 

( ) 

N^CAr, 

ll 
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BENZENE DERIVATIVES. o-Compound, (CeHa).^[1 ]C 6 H 4 [2 ]- 
Q(C 6 H 6 ) 2 , isomerizes in the nascent state to 9,9,10-triplienyldihydro- 
anthracene, rn.p. 224”226.5'' {Wiiiig, Ber. 64, 2395). The w-eom- 
pound (obtained in solution) is deep violet, and reacts with oxy¬ 
gen. It is tetraphenyl-m-xylylene, (C 6 Hb) 2 C '[1 ]C^Ji4[3]C(CfiH5)2 
(SchlenJCf Ber. 48 , 661). The 2>compoiind, whicli is orange in color 
and is not affected by oxygen, must be regarded as quinonetetra- 
phenyldimethide, (C 6 H 6 ) 2 C:[ 1 ]C 6 H 4 [ 4 ]:C(C 6 H 5)2 {T/nele, Ber. 37, 
1463). 

BIPHENYL DERIVATIVES. The o,o'-compoiind, (C 6 H 5 ) 2 C[o]- 
C6H4.C6H4 [o']C(C 6H6)2, m.p. 339.5-341^, behaves like 9,10-tetra- 
phenyldihydrophenanthrene (1), of which the constitutional simi¬ 
larity to hexaphenylethane (II) is noUiworthy. The ettuine linkage 
of this substance (1) is easy to open, e.g.^ by potassium, but not by 
oxygen {Wittig, Ann. 505 , i7): 

«. o <z> 

(C J 1 5)2C—(L'd i,), 

The introduction of two methoxy groups in the two unoccupic'd o- 
positions of the bipluaiyl nucleus of (I) does not change the chemical 
nature of tlie compound (m.p. 232°), although on the basis of the 
distorted position of the biphenylbenzene nu(*lei, radical dissociation 
would 1)(‘ expected. The ?n-compound corresponding to the first- 
mentioned compound is the diradical ?^^,r///-biphenylene-5v'^‘-(di- 
phenylmethyl), or di-zn-trityl, (C6ll6)2C4m]C6H4.C6li4bn'1C(CVJI5)2. 
It is”* almost colorless (dimeric), but dissolves giving an orange-red 
solution. Degree of dissociation in benzene at 5.5°, a!)Out 10% (in 
3% solution). Th(^ compound is attacked by oxygen (ScMcnky Ber. 
48 , 725). The coi*respoiiding /^-compound is completel.y radical in 
nature. It was the first diradi(;al to be discovered {Tschitfichihahinj 
Ber. 40 , 1810). 79,//-Biphenylene-5u-(diphenylmethyl), or di- 7 >- 
trityl, (C6H5)2C[p]C'Ji4'C6H4[p']C(C6Hr,)2, is solid, and dissolves 
giving a deep reddish violet solution (see also Schlenkf Ber. 48 , 723). 
p,p'-Biphenylene-foz6-(dibiphenylylmethylyl), or p^p'-ximy]ene-his- 
(dixenylmethyl), [p]C,}l ,• C 0 H 4 [p ' ]Q(C\lh • C 6 H:,) 2 , re¬ 

sembles the above hydrocarbon closely, but forms a deep blue solution 
{ScMcnky Ber. 48 , 721). 

DIPHENYLMETHANE DERIVATIVES. Diphenylniethane- 

p,p'-i>'ns‘-(diphenylmethyl), or p,p'-?;is-(diphonylinethyl)-diph('nyI- 
methane, or di- 7 >tntylmethane, (CgH 6 ) 2 C IPIDelL ■ CH^ • CoM 4 [p' JC- 
(C 6 H 5 ) 2 , is almost completely colorless in the dimeric solid form but 
dissolves with a fiery red color. Degree of dissociation in benzene at 
5.5°, about 70-80%. The compound is sensitive to light and ox^^gen 
(the oxidation pfbduct is monomolecular) (Wittigy Ber. 61, 854). 

1,2-DIPHENYLETHANE DERIVATIVES. Dibenzyl-p,p'-5/s- 
(diphenylmethyl), p,p'-6fs-(diphenylmethyl)-Q:,/3-clijjhenylethane, or 
1 , 2 -di-p-tritylylethane, (C 6 H 5 ) 2 C [p ]C 6 H 4 ■ CH 2 ; CTl 2 • ( ^il 4 [p' ]C- 

(CftHs)?, forms deep bluish violet solutions, resembling otherwise the 
above-described compound, Dibenzyl-p,p'-5u-(l-phenyiethyl), CH3- 
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(C6Hfi)gb]C6H4-CH2-CH2-C6H4[p']C(C6H5)(CH3), has been ob¬ 
tained only in the triineric form (colorless powder, rn.p. 110-115°) 
{Witiig^ Ber. 61, 854). 

1,3-DIPHENYLPROPANE DERIVATIVES. l,3-.Diphenyl-2,2-dicarbethoxy- 
propane, jo,p'- 6 zV(diphenylmethyl), l, 3 -di- 7 )-tritylyJ- 2 , 2 -dicarbcthoxyi)ropane: 


(CdW^C \p ]CfiH4 • CIL • C.’ • CIL • C 5 H 4 [v ' ]C (CoH5)2 
C 2 H 5 OOC (^>002115 

has been obtaiiuMl only in (bri^;ht brown) solution which is slowly decolorized by 
oxygen {Wiitig., Ber. 62 , 1405). 

1,4-DIPHENYLBDTANE DERIVATIVE. 1,4-Diphenylbutane- 

p,p'-6u'-(diphenylmethyl), af,5-5u*-[/>-(dipheiiylniethyl)-phonyl] bu¬ 
tane, or 1,4-cli-p-tritylylbutane, ((\Il 5 )oC b]C6H4(CHo)4C6H4b']g- 
(C 6 H 5 ) 2 , dissolves with a yellow color. Its degree of dissociation is 
small {Wittigj Ber. 62, 1410). 

BUTADIENE and BUTANE DERIVATIVES. 1,1,4,4-Tetraphenylbutadi. 
ene-1,3, (06116)20:011. CH:C(C 6 rif,) 2 , is colorless, m.p. 201°, and is obtained 
directly from the nascent diradical (06H6)20'01Iit/H OCOelWa- The diradical, 
( 06 Hf)) 20 -Cfl 2 *CH 2 * 0 ( 0 fiIIf,)?, decomposes imriK'dlately in the nascent state 
with formation of two moles of asiy?a-diphenylethylene, but can be obtained by the 
action of oxygen in the form of the crystalline, cydic peroxide, 3,3,6,6-totra- 
phenyldioxane-1,2, m.p. 171-180° {Witiigt Ber. 61, 1027). 

It is possible that the (jompoiind originally regarded as tetra- 
phenylcyclobutanedione-1,2, which is obtained by the thermal de¬ 
composition of benzilic acid, and whicdi forms d(K^p red crytals, m.p. 
168° (Ber. 61, 941) is really the ring-o])enod diradical oxalyl-6w- 
(diphenylmethyl), (C 6 H 5 ) 2 C-CO-C()*g(C 6 H 5)2 {Langcnbeck, Ber. 62, 
962). 

Diradicals of the Triiyl Type as Taukmieric Unsalurated Compounds 

Dixanthylene, diclu-omylene. For the ex[)lanation of the thermo- 
chromic properties of certain closed-ring tetraaryletliylenes and 
similar compounds, the tautomeric equilibrium: 

:G--C: ;==± :C—C: 


is assumed (Schonberg^ Ber. 64, 2323), e.g., for dixanthylene. 

C6H4V /CeTLv /C6H4V /CeHi 

>C=-C/ >0 ;p=± o/ >C-C< 

CeH*/ ^C6H4^ I I ^C6H4 

ANTHRACENE DERIVATIVES. In the same way, the unusual 
properties of many anthracene derivatives may be traced to the 
equilibrium: 

:0-=C-~-C=C: :?=± :C—C=-C—C: 

This holds, for example, in the case of 9,10-diphenylanthracene 
ilngold, J. 1926, 3080). 
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Cel-L 



C^Hb 


CelL 



Particular interest attaches to the analogous behavior of the bhie 
itn-dibenzanthracene, since in this case a hydrogen atom would be 
attached directly to a trivalent carbon atom which has not been pre¬ 
viously observed (CZar, Ber. 63, 2967). 



For analogous behavior (the ^^diy 1-state^0 other aro¬ 

matic hydrocarbons, see CZar, Ber. 66, 202, and earlier papers. 

Rubrene (== 1,1 ',3,3 '-totraphenylrubrene; see Dufraisse, Ber. 67, 
1021; Schonherg^BcT. 6Sj ]iy2; Vol. Ill, p. 602). This orange hydro¬ 
carbon possesses the remarkable property of combining with oxygen 
in the light giving a colorless peroxide, which, on warming, splits off 
the oxygen again, and is converted back into rubroiic with omission 
of light. The behavior of rubrene towards oxygem is to be ascribed 
to tautomerism between a conjugated system of five ethylene linkages 
with a diradical form {Schimherg, Ber. 67, 1404; Dufraisse, Ber 67, 
2018; Schonherg, Ber. 68, 162). 




(b) Other Types of Compounds with Trivalent Carbon 

We shall here deal with those compounds of which the trivalent 
carbon atom is not only linked with other carbon atoms, but often is 
attached to other groups which are connected to it by means of a 
hetero-atom. The most important class of these compounds is that 
of the metal ketyls. 

1. Metal Ketyls {Ar^C — 0—K and Analogues) 

The metal ketyls were regarded by Schlenh as compounds contain¬ 
ing trivalent carbon, although Beckmann^ their discoverer, and Acree 
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had before him investigated these vsubstanccs, which are very difficult 
to work with (ErlenmeyeTj Ann. 266, 1; AcreCy Am.Chem.J. 29, 588; 
Schlenky Ber. 44, 1182; 46, 2840; 47, 486; Ann. 464, 22). 

For the suppose.d occurrence of a radical of the type R 2 C-—Oil, see Ber. 65, 
1625. ' I 

METHODS OF FORMATION. 1. The simplest method of 
preparing the metal kc'tyls depends on the action of metals (K, Na, 
Li) on the diaryl ketones (in indiiYerent solvents under nitrogen: 
Schlenk, Ber. 46, 2843; Schlubach, Ber. 48, 12): 

AroC--=0 + K ;=i=r± AroC—O—K 


Diaryl ketonus arc also attacked by magri(‘siiim -f- magnesium iodide, and by 
Be -h BcL, and by niagncsiuin amalgam. In the first case iodomagnesium 
ketyls are first formt'd (prthsumably with internuKliate formation of Mgl), and 
this is accompanied by the formation of an intense color. Th(‘. dimers of these 
ketyls give pinacont's by hydrolysis {Schlenk, Ber. 46, 2847; Gornberg, Am. 49, 
236,2584; 51,2229): 


AraC—O—^Mgl 
ArjC—O—Mgl 


ArA)- “ O—Mgl 2 n«o ArA)—OH 
Ar^C—t) -Mgl ^ Arji-OH 


Another method which is particularly suitable for the prepara¬ 
tion of insoluble metal ketyls {e.g.y dimethylpyrone potassium) con¬ 
sists in the reaction between the ketone concerned, and phenyl bi- 
phenylyl ketone i)otassium, which is readily soluble in ether {Schlenkj 
Ber, 46, 2846): 


CJI, 


X ( 


0—K 


CelLCflHv 

(soluble) 


+ o=c< 


CIT=0 



CHa 


(soluble) 


C.H, 

CA-CeH. 


'^C=0 + 


(soluble) 


K-Dv .CII=-C< 

X, 


^CH-=C< 


CHa 

O 

CH 3 


(insoluble) 


3. Metal ketyls are formed from aromatic pinacones by the action 
of sodium amalgam, hydrogen being evolved (Schlenky Ber. 44, 1184): 

(CeHd^C-OH +2(Na-Hg)-m (CelD^a-ONa _^ (CeHd^C-ONa 

(C,H,)ji—OH ' (C,Il6)jC—ONa ' (C,H.)aC-ONa 


4 . Another very similar method depends on the reaction of aro¬ 
matic pinacones with (alcoholic) sodium alcoholates. Alcohol is a 
by-product (Schlenky Ber. 46, 2841): 


Ar 2 C—OH RO—Na ^2 roh Ar 2 C—ONa 

Ar,(!;—OH ^ RO—Na ' Ar,i—ONa 


Ar,g— ONa 
Ar,C—ONa 
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TECHNIQUE. The preparation of the metal ketyls (and other very reactive 
radicals) can be carried out by a process devised by Schlenk (Ber. 46,2843), which 
will be quoted here from the original paper (cf. Ziegler, Ann. 437, 242): 

‘*Air, moisture, and carbon dioxide must be rigidly excluded in the preparation 
of the metal ketyls. The work was therefore carried out in a current of nitrogen, 
which in order to purify it, was first passed over a long layer of soda-lime. It was 
then freed from the last traces of oxygen by passing it over reduced copper in a 
strongly heated quartz t;Ube, and was finally completely dried by passing through 
a largo drying apparatus containing sulfuric acid and phosphorus pentoxide. 
Since rubber tubing gives up moisture to a dried current of gas, it is necessary to 
pass the gas through drying tubers recently filled with phosphorus pentoxide. 

‘*The preparation of a metal ketyl, e.g., phenyl biphenylyl k(‘ton(‘ potassium, is 
carried out as follows. In a glass vessel (Fig. 1, p. 418), with a volume of 
about 150 cc., is placed about 1 g. of pure, w^ll-dried, phenyl biphtmylyl ketone, 
and about 120 cc. of ether freshly dried wdth sodium. The air is completely re¬ 
placed by nitrogen which enters at a. When this is th(^ r;ase, about 1 g. of potas¬ 
sium is added through b, the metal having been cut into thin piec(?s under dry 
benzene. The liquid immediately begins to assume a dark green color. Tube 6 
is now drawn off to a capillary in the blowpipe, a continuous current of nitrogen 
being maintained through a. The nitrogen stream is then turned off by pinching 
the rubber tube with tlie fingers at a, and h is sealcKl off. The tubing is then dis- 
connectcid at a, and this capillary is seak'd. 

“The vessel A is then strongly shaken for 4 to 5 hours in a shaking machine. 
It can then be assumed that all the ketone will have been converted into the potas¬ 
sium compound. 

* ‘The solution must now’ b(‘ fil t('red, and this is accomplishc'd in th(^ following way. 
Capillary h is scratched with a file, and the tubing (connected to the nitrogen 
apparatus is pushed over the tube so that it grips the neck of vessel A firmly. 
With the nitrogen current connected, the capillary is broken inside the rubber 
tubing by slight pressure. Tube a is then broken near the capillary. Nitrogen 
then circulates through A from h to a, and no air has been admitted. 

“Vessel A is now connected with a filtering apparatus, C, as shown in Fig. 2. 
This consists of an ordinary adaptor with a Soxhlet thimble, c. This filter can 
be folded from ordinary filter paper by wrapping it round a test tube, and must 
be specially dried before use. This is best carried out by connecting apparatus C 
and the filter paper in position to a filter pump, and warming the tube with a 
Bunsen burner until the paper just begins to turn yellow. 

“When the nitrogen has been passing through the apparatus sufficiently long 
to have removed all the air from it, the apparatus is tilted so that the lic^uid from 
A filters into B. A convenient piece of apparatus for doing this is shown in Fig. 3. 

When the liquid has filtered into B, a second current of nitrogen (obtained by 
connecting a T-piece to the drying apparatus) is passed in at e, and A and C are 
removed. Tube B is then sealed in the same way as described for A. 

“In this way, a fairly concentrated, stable solution of phenyl biphenylyl ketone 
potassium is obtained. If it is desired to isolate the metal ketyl in the solid state, 
the procedure is as above, except that 2 g. of ketone and 2 g. of potassium are 
used with the same quantity of ether, and the vessel is shaken for one hour only. 
A supersaturated solution of the metal ketyl is thus obtained, which, after filtering 
into vessel B, will usually crystallize in the course of a few days. 

“The isolation and drying of the various substances is carried out in the same 
way as for the triarylmethyls {Schlenk, Weickel, Ann. 372, 1). A slight change 
in the filtering apparatus is necessary, and the apparatus is showm in Fig. 4. 

“It consists of two small glass bell jars, G and G\, which fit over each other, 
and between w'hich is a porcelain filter plate and a filter paper. A rubber ring 
holds the two parts together. The method of using the apparatus is obvious 
from the diagram. The side tube, H, is filled with nitrogen and prevents air from 
reaching the under side of the filter paper during the filtration {i.e., when no 
nitrogen can actually circulate through the apparatus). 

“The use of two rubber balls, as shown in the figure, is also very convenient. 
It is possible in this way to press the mother liquor out of the precipitate on the 
filter without allowing the entry of air, as would occur if a filter pump were used. 

“In general, the isolation and drying of the substance is carried out as for the 
triarylmethyls.** 
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PROPERTIES. The metal ketyls are highly colored compounds. 
Their color changes considerably according to the type of ketone 
from which they are derived. The effect of the metal on the color 
has not been investigated, but it does have an effect on the solubility. 
For The formation of ketyls only those ketones which do not enolize 
can be used, and the carbonyl group must be linked with aromatic or 
unsaturated groups. The metal ketyls exist in equilibrium with the 
pinacolates (cf. methods of formation 3 and 4)‘ They are usually not 
sufficiently soluble for the determination of degree of dissociation. 
According to ebullioscopic determinations {Schlenk, Ber. 46, 2840), 
phenyl biphenylyl ketone potassium is practically monomolecular in 
ether solution (cf, on the other hand, Doescher, Am. 56, 2011; and 
Bachmann, Am. 55, 1179, 2827; Sugden, Trans.Faraday Soc. 30,18). 
Beer^s law appears to be inaccurate for solutions of iodomagnesium 
ketyls and iodomagnesium pinacolates (Gomberg, Am. 51, 2229). 

Metal ketyls with anomalous formulas. Many ketones, e.g.j chro- 
mone and xanthone, form anomalously constituted ketyls, in which 
there is only one atom of potassium and two molecules of the ketone 
(Schlenkj Ber. 46, 2848). They can be regarded as quinhydrone-like 
molecular compounds between the ketyl and the ketone, or according 
to P/ei^cr (Org.Molekiilverb., 1st ed., p. 66) as compounds in which 
one potassium atom is linked with two ketone molecules by subsidiary 
valencies (Ar2C==0.. .K.. .0==C3Ar2). Many diketones behave in a 
similar way, taking up only one atom of potassium, which is linked to 
two carbonyl groups. According to Pfeiffer (Ber. 56, 929) sucdi com¬ 
pounds can also be represented by a quinhydrone type of formula 
(Staudinger, Helv. 5, 703). For the view that the bluish violet to 
blue barium and alkali metal salts of alloxantins, hydrindantin, and 
isatide are metal ketyls, see Hantzschj Ber. 54, 1267; a somewhat 
modified view of the constitution of these compounds is given by 
WeitZy Z.Elektrochem. 34, 543. 

Tautomerism of the diketyls, Schlenk assumed, as far back as 1911 
(Ber. 44, 1189), that a diketyl form existed in equilibrium with the 
normal form, and this formed the basis of the idea of tautomerism for 
the explanation of the experimental facts. More recently benzil di¬ 
potassium has been formulated as an enediolate (Staudinger, Helv. 5, 
703), and the analogous iodomagnesium compounds have bt^en as¬ 
sumed to exist in the forms of enediolate and diradical in tautomeric 
equilibrium (Gomherg^ Am. 51, 2238). 

CHEMICAL PROPERTIES. The metal ketyls are even more 
reactive than the triarylmethyls. Like the latter, they are acted 
upon by oxygen, but differ in the fact that they are also acted on by 
water and carbon dioxide. In this respect they resemble the alkali 
alkyls and the Grignard reagents. The halogen magnesium ketyls 
particularly resemble the latter. 

Various reagents remove the metal atom of the ketyl, and the ketone 
is re-formed: 

Jf. Oxygen reacts in this way with the metal ketyls: 

2 Ar 2 C—ONa -f- O 2 , v ,- 2 Ar2C===0 4- NasOz 

It is possible that very unstable intermediate products are formed in this reac- 
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tion as is the case with the triarylmethyl peroxides. In the dry state many metal 
ketyls are pyrophoric when exposed to air. 

2. Iodine reacts in a similar way with the metal ket/yls: 

2 AraC—ONa -f I 2 2Ar2C=0 -f 2 Nal 

{Schlenky Ber. 44, 1184). 

It is possible that in this reaction the first step is the addition of iodine to the 
trivalent carbon atom, followed by the splitting off of sodium iodide. 

3. Triphenylmethyl chloride reacts like the halogens on the 
metal ketyls, both the alkali halide and triphenylmethyl being also 
formed (Schlenk, Ber. 46, 2854): 

ArjC-OK + Cl~ CAr 3 y-:-. Ar2C=0 + KCl + ~CAv, 

4 . Phenylthiocyanate removes the metal atom from ketyls 
(Schlenk, Ann. 464, 25): 

AraC—ONa S-=C=N—Ar Ar2C=0 N(Na)—Ar 

+ < 1- ^ + I 

AraC—ONa S=C>-=N—Ar Ar2C=-0 S=C—N(Na)—Ar 


6. Water may react initially with the metal ketyls in the same 
way as with metal alkyls, i.e., replacing the metal atom by an atom 
of hydrogen. The alcohol thus formed contains trivalent carbon 
and is very unstable, and splits up immediately into the diaryl ketone 
and the diarylmethanol. Pinacones can also be produced, when the 
aryl groups attached to the trivalent carbon atom of the alcohol do 
not suppress its powers of association altogether (Schlenk, Ber. 44, 
1187): 


AraC;—OK 
. + 
Ar2C—OK 


HOH 

HOH 



Ar2C—OH 
ArzC—OH 


Ar2C=0 

AraCHOII 


ArzC—OH 

I 

Ar2C'-OH 

6. Sodium and potassium add on to the trivalent carbon fairly 
vigorously (as in the case of the triarylmethyls) (Schlenk, Ber. 47, 
486): 



Ar^C—ONa -f Na ;==± AraC—ONa 

lla 

For the anomalous action of sodium on 2,3-diphenylindone sodium (only formed 
ntermediately), see Schlenk, Ann. 464, 22. 

The alkylammonium radicals dissolved in liquid ammonia, react in a similar 
way to the alkali metals. See also p. 427. 

7. Methyl iodide converts the ketyls into the original ketones. 
If water is present diarylmethyhnethanols are also obtained. The re- 
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action begins, very likely, with addition to the trivalent eajbon atom. 
The probable course of the reaction is shown in the following scheme 
{Schlenk^ Ber. 44, 1187): 


Ar2(NaO)C— 1 Ar2(NaO)C-T-> AraC-X) + Nal 

"f* I V- '■ ' - U,,(> 

Ar2(NaO)C— CH3 Ar2(NaO)C—CH3 -—> At,( 1\0)C-CU, 


8. Carbon dioxide reacts in the first place on metal ketyls in tlie 
same way as it does on ])h(molates in Kolbe^s reaction, forming an 
ester salt of carbonic acid, which leads to association at the trivalent 
carbon atom. By the subsequent action of water the piimary prod¬ 
uct decomposes and the original ketone, a salt of a diarylglycolic acid, 
and a bicarbonate are formed (Schlenkj Ber. 47, 489): 


AraC- 

-OK 

CO 2 

Ar2C--0~ 

-cooi': 




—^ 1 


AraC- 

-OK 

CO 2 

Ar.>0 - 0 - 

-OOOK 


+ 1120 


Ar^C-^O + KNCO 
Ar2C(OH)(X)OK 


9. Mercury does not act on the metal ketyls (SchUynk, Ann. 464, 
25), 

The colors and compositions of the typical and well-known metal 
ketyls are shown in the accompanying table. 


Mpjtal Ketyls 


Na or K compound of 

Ratio of 

CO Kroups : metal atoms 

Color 

Diphenyl ketone* 

1:1 

Dark bhn^ 

Phenyl biphenylyl ketone^ 

1:1 

Bluish green 

Dibiphenylyl ketone^ 

1:1 

A’ellowish green 

Phenyl a-naphthyl ketonc^^ 

1:1 

Greiui 

/3-Benzpinacoline^ 

«, a '-Dim(dIiyl-7-py romj'* 

1:1 

D(Hq) red 

1:1 

Searkit 

(Uiromon<‘^ 

2:1 

Ora]ig(*-r(‘(l 

Xanthoma'* 

2:1 

Deiq) bliK^ 

0“M(dhylisatin‘‘ 

1:1 

Decip violet. 

N-M(‘thylisatin'‘ 

2:1 

l)(*.ep bliK^ 

Ph thalophenone/* 

1:1 

Dark red 

m-Di benzoyl benzene 

2:1 

Dark red 

p-l)ibenzovlbenzene^ 

2:2 

Det'p red 

Benzil (4-1 K)^ 

2:1 

Vi olid-red 

Benzil {+ 2 K)® 

2:2 

Det‘p r4Hl 

Furih 

2:1 

Blue-blaek 

Phenanthraquinone^ 

2:1 

Dark brown 


* Beckmann, Ann. 266, (5; BcJilenk, Ber. 47, 48(). * Schlenk, Bor. 47, 480. 

* Beckmann, Ann. 266, 10. ^ Schlcnk, Ber. 46, 2848“2851. ® Staudinger, llelv, 

5, 703. 

For the action of potassium on p-quinone, o-quinone, and diphenylkoteno, see 
Schlenk, Ber. 46, 2851. 

Analogous compounds are obtained from ketones and tetraalkylammonium 
radicals (see p. 428). 

2. Diphenylphenoxymeihyl 

This radical, which bears the same relation to the metal ketyls as 
an ether to an alcoholate, is formed, according to Wieland (Ber. 44, 
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2550), interiuediately in the transformation of triphenylmethyl 
peroxide to the diphenyl ether of benzpinacone (in boiling xylene). 
The reaction probably takes place as follows; 

Ar^C—I) ArnC^-O-r Ar^C^OAr) Ar2CKOAr) 

I-> -> : I , 

AraC—O AraC-O— Ar.C(OAr) Ar 2 C(OAr) 

The reaction is accompanied by the development of an orange-red color, which 
can be observed wlif'n difdienylbonzpinacono is heated alone or in solution (m.p. 
215° under CO 2 ). Benzene solutions of the ether mentioned are acted upon by 
bromine and atmosplieric oxygen, particularly when warmed. 

3. '-Diphenylihioindigo While 

This compound, according to Kalb and Bayer (Ber. 46, 3881), de¬ 
composes on heating in high-boiling solvents into two equal parts con¬ 
taining a trivalent carbon atom, which, in addition to the phenyl 
group, also carries a mercapto and a benzoyl radical (with a common 
benzene nucleus). 



2,2'-Diphenylthioindigo white dec'pens in (tolor when heated in solution, from 
pale yellow to emerald green, the reverses change taking placti on cooling. The 
color of the solution also inUmsifies on dilution, contrary to Beer’s law. At 
higher tomperaturoH the dissolv(*d (compound is acted upon by bromine and oxy¬ 
gen (when passed through the solution). 

4 . Wurder^s Dye 

This compound possibly contains trivalent carbon (p. 31)2); for another view, 
see p. 425. 


IL RADICALS WITH DI- AND MONOVALENT 

CARBON 

Among the compounds of divalent carbon, carbon monoxide and 
its derivatives, the isonitriles and fulminates, have been known for a 

II II II I 

long time. They were regarded as C=0, C=N—R, C—N—0—Me. 
In more recent times, however, doubts have been expressed about the 
validity of these formulas. Thus, Hilckel (Theor.Grundlagen org. 
Chem., 2nd ed., Vol. I, p, 109) states the view that in carbon monoxide 
the usual conception of valence does not apply. On the other hand 
formulas have been proposed for these compounds, and experimentally 
confirmed, in which, in place of the double bond, three covalences 
and an electrovalence are substituted {Lindemann, Ber. 63, 1650): 
4" •“ + I 

C^O, C^N—R, C^N—0—Me. It is clear that these compounds 
do not behave like radicals. The readiness with which addition takes 
place at the carbon atom does not agree with the formally possible 
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formulation with tetravalent carbon: C^O, C~^N—R, C=N— 

I 

O—Me. This latter view, also, does not agree with tlie existence of 
diethoxymethylene, C(OC 2 H 5 ) 2 , which has been described by Schei- 
bier, but the existence of which is doubted on several grounds (Huckel, 
op. cit. Vol. I, p. 111). Schlenk and Bergmann (Ann, 463, 228) have 
obtained an addition product from tetrai>henylallone and sodium, 
which they write with divalent carbon, (C 6 H 5 ) 2 NaC—C—CNa(C 6 H 5 ) 2 , 
because of its reactions. Th(‘ preparation of :Cn 2 by ibe decomposi¬ 
tion of methane at a red-hot ])latinum wire, described by Belchetz 
(Trans.Faraday Soc. 30, 170) should also be mentioned, though it 
does not agree with the experiments of Rice on the thermal decomposi¬ 
tion of methane to *CIl 3 + H (see Fraser, Trans.Faraday Soc, 30, 
182). According to Fujio (Bull.Chem.Soc.Japan, 5, 219) and also 
Willey (Trans.Faraday Soc. 30, 230) the compound :CII, a radical 
with monovalent caibon, is obtained by the action of the electric dis¬ 
charge on methane. 


III. RADICALS OF OTHER ELEMENTS 
OF THE FOURTH VERTICAL SERIES 
OF THE PERIODIC SYSTEM 


(a) Silicon 


The stability of hexaphenylsilicoethane ((‘olorh^ss, m.]). about 
354°)* in boiling xylene toward oxygen (passed through) shows that 
the “total valence of the silicon atom is greater than that of the car¬ 
bon atoin^^ {Schlenk, Ber. 44,1178). The reactions of the unsaturated 
silicon-h^^drocarbon, SbfCeH.Os (colorless, m.p. about 335°) {Kipping, 
J. 125, 2590, 2598), make it probable, however, that silicon can exist 
in the trivalent form. The diiodide of this compound reacts with 
ethylmagnesium bromide giving octaphenyldiethylsilicotetrane, ac¬ 
cording to the following scheme: 


Ar Ar Ar Ar 


—Si 


i—^i- 


-Si—Si— 


I I I I 

At Ar Ar Ar 


Ar Ar Ar Ar 

I I I I 

I—Si—Si—Si-Si—I -> 

1 I I I 

Ar Ar Ar Ar 


Ar Ar Ar Ar 
CsHi—ii—tii—Si—Si—CjH, 

I I I I 

Ar Ar Ar Ar 


(b) Tin 

A number of contradictory statements have been made about the 
dissociation of hexaalkyldistannanes, RsSn SnRa, (colorless liquids, 
or low medting solids) {Graebe, Ann.suppl. 8, 04; Ann. 364, 51; 
GrvMner, Ber. 50, 1808; Krause, Am. 47, 2361). According to the 
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last-mentioned work, hexamethyldistannane is dissociated in ben¬ 
zene at 80.5°, in comumtrated solutions. The properties of hexa- 
aryldistannanes (colorless, crystalline substances) are similar 
(Kmuse, Ber. 53, 173; Bdeseken, Rec. 42, 1017). For an explana¬ 
tion of this see Walden, Chem.der fr.Rad., pj). 250, 341. The capac¬ 
ity of these compounds to pass into the tin trialkyls and tin tri¬ 
aryls, compounds with trivalent tin, has been definitely proved. 
The dissociation of hexacyclohexyldistannane has been proved 
(Krause, Ber. 57, 532). It is noteworthy that the tin diaryls (but 
not the tin dialkyls) are colored (orange-yellow powders). See also 
Vol III, p. 172. 


(c) Lead 

The (yellow) compounds of lead with three aromatic, alicyclic, or 
aliphatic radicals occur in sufficiently dilute solution in benzene in the 
monomolecular state {Krause, Ber. 55, 888; Midgley, Am. 45, 1821). 
It should be noted that lead diaryls (intensely red) readily pass into 
lead triiiryls when gently warm(^d with excess of aryl magnesium 
bromidcjs. The ready transformation of triphenyl lead into tetra- 
})henyl lead on heating, according to the equation: 

4 {C,W)-Wh - 3 (C6H5)4Pb + Pl> 

takes place with greater difficulty with tri-p-tolyl lead, and does not 
occur at all for tri-o-tolyl and tri-p-xylyl lead. See also Vol. Ill, p. 173' 


IV. ORGANIC RADICALS WITH TETRAVALENT 

NITROGEN 

P^7o/^/’6'porphyrexide (Ber. 34, 1884, 2354; 36, 1283), of which the 
constitution is not yet definitely known, appears to be the first 
organic radi(\al of tetravalent nitrogen to be discovered. The chem¬ 
istry of the organic compounds of tetravalent nitrogen was, how¬ 
ever, started by Wieland (Bor. 47, 2111) by his discovery of diaryl- 
nitric oxides, Ar2N:0. The analogy between the equilibria: 

2ArsC- AraC—CArs and 2 .NO 2 O 2 N—NO* 

led to the investigation of organic derivatives of nitrogen dioxide 
{Wielo/nd, Ber. 42, 3029). A compound which is formulated as a di- 
arylaminoaryl-nitric oxide, (Ai^N—)(Ar “)N“G, is probably related, 
constitutionally, to the diaryInitric oxides (Goldschmidt, Ber. 55, 633). 
An analogous compound to the diary Initric oxides is also formed by 
dehydrogenation of the condensation product of /^-phenylhydroxyl- 
amine and acetone. It is given the formula (Banfield, J. 1926,1612): 

(CH3)2C—CH 2 —0—CH 3 

I II 

CeHs—O-N—CeHs 

Another class of organic compounds with tetravalent nitrogen 
comprises the tetraalkylammonium radicals, so far only obtained in 
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solution or as amalgams. These have been investigated chiefly by 
Schlubach (Ber. 54, 2811). The dipyridinium radicals, investigated 
by Weitz (Ber. 57, 153), are closely related to these substances, being 
diradicals of the ammonium type. Possibly the stibhalides (Ber. 

59, 432) and Wurster’s dye, [R 2 N^--C 6 H 4 ^NR 2 lBr (or formulated 
according to Weitz, Z.Klektrochem. 34, 542) also belong to this class. 
The aminium and hydrazinium salts, discovered ])y Weitz (Ber. 59, 
2307; 60, 1203), should also be mentioned. 

(a) Diarylnitric Oxides, Diarylnitroxides 

The deep-red, crystalline diarylnitric oxides resemble in many re¬ 
spects nitrogen dioxide, from which they may be supj)osed to be de¬ 
rived by the replacement of an oxygen atom by two aryl radicals. 
They differ from their inorganic analogue, however, in that they do 
not associate at low temj)eraturos, but it may be assumed that this 
is only a difference of degree. 

METHODS OF FpRMATION. 1. The method which led to 
the discovery of the diarylnitric oxid(\s depends on the dehydrogena¬ 
tion of diarylhydroxylamines, which can be obtained from the 
nitroso compounds of the aromatic series and arylmagnesium hal¬ 
ides (Wieland, Ber. 47, 2111; see also Ber. 48, 1117): 

Ar—N==0 ArMgBr . Ar 2 N—O—MgBr 

AraN—0—MgBr + — - : = ± ArN—OH + HOMgBr 

2 Ar^N—OH -f Ag20 ——± 2 Ar2N=0 + 1120 + 2 Ag 

' In contrast to the above oxidation method, is the method of 
reducing suitable derivatives of nitric acid {Meyer, Ber. 52, 1476; 54, 
327). The starting substance is the (not isolated) condensation prod¬ 
uct (I) of nitric acid with a phenol ethei*, which reacts like a base 
toward perchloric acid. Apparently an oxoniiim salt (II) is formed. 
This perchlorate can be reduced with zinc dust to the diarylnitric 
oxide: 

2 RO—CeHi—H + 0=N02H - ILO ;==z± (??-RO~C«H4)2NOOH (I) 

(RO—Ce^DaNOOH -|- HCIO 4 - H 2 O ^ _ 

[R0--C«H4—N(==0)===CeH4==0R]C104 (II) 

[R0--C6H4~N(===O)====C6H4==6r]C 104 + V2 Zn 

(p-RO—C.H4)i,l^==0 + - 2 " CIO 4 

PROPERTIES. The diarylnitric oxides are highly colored com¬ 
pounds. Diphenyinitric oxide forms crystals resembling chromic 
acid, and the fiery color of its solutions resembles that of nitrogen 
dioxide vapor, but is deeper red. The band spectrum of diphenyinitric 
oxide resembles that of nitrogen dioxide. The effect which the nature 
of the aryl group attached to the nitrogen has on the stability of the 
diarylnitric oxide is very remarkable, as shoVn in the following 
table {Wieland, Ber. S3, 216): 
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Di-p-UilyInitric oxide, can be kept for about 3 hours. 

Diplieny Ini trie oxide, (\‘in be kept for about 24 hours. 

p,^'-DimtrodiphenyJnitric oxide, can be kept for aiiout a month. 

Dianisy ini trie oxide, can be kept for about a year. 

The above compounds melt with decomp, at 59-00®, 04°, 109°, and 150°, 
respectively. 

For the determination of tlie pai’u.magnetie susceptibility of diaryl- 
nitric oxides, see Camhtj Gazz. 63, 579; Galavics^ Helv.Physica Acta, 
6, 555; KatZy Z.Pliysik, 87, 238. 

CHEMICAL PROPERTIES. The diarylnitric oxides are ex¬ 
ceedingly reactive compounds. Very probably the reagents first 
attack the free valence of the nitrogen, and there are subsequently 
further changes which often lead to substaiu^es far removed from the 
starting material {Wi(da7idj Ber. 47, 2111; 53, 210). Their reactions 
with other radicals are of particular interest: 

1. Triphenylmethyl r(‘a(;ts comparatively simply with his~{p- 
nitrophenyl)-nitri(^ oxide, both radicals adding to each other. The 
triphenylmethyl adds on to tlie oxygen, since the reaction product 
gives p,p'-diaminodiphenylamine and triphcnylmethanol on reduc¬ 
tion : 

(O^N-CUD^NO -f ’CiCeH.h -~=r± (OoN-~CeH4)2N—0—C(C6H,)3 

In the case of diphenylnitric oxide itself, the Tschitschibabin trans¬ 
formation (see p. 399) comes into the reaction {Wielandy Ber. 53, 
214). - 

Nitric oxide reacts initially on diplnmylnitric^ oxide as it does 
with its inorganic analogue (NO + N ()2 “ N 2 () 3 ). The primary addi¬ 
tion product, (C 6 H 5 ) 2 N(- -()) O, however, isomcaizes to p-nitro- 
diphenylamine, ai)parently tlu’ough ilm formerly imobtained isomer 
diphenylnitramidc: 

(CfiH6)2N(=-0)--N=-:0 -> (CJlf.).>N~N(b -> (O 2 N—C6H4)(C6H6)NH 

The latter then undergoes a nitrosation hy reaction with the primary 
addition product: 


(O 2 N—C6H4)(C«nr.)NH 4- (C6H5)2N(-=0)-N-=0-^ 

((X.N—C«H4)(C«HdN--NO + (C6H6)2N—OH 

The chief product of the reaction is p-nitrodiphenyl-nitrosamine. 

3. Nitrogen dioxide reacts with diphenylnitric oxide with forma¬ 
tion of 6fs-(p-nitrophciiyl)-nitric oxide. The reaction appears to 
take place according to the following scheme: 


(CW^N-O + NO 2 — (C6lL)2N(-=0)—N02~> ahN-CelDCel-hN —oh 

- — ——^ (O 2 N—C6H4)(CeHdN=0 


(O 2 N—C,H4)(CJl6)N^-0 H- NOa 

-> (O 2 N—C6H4)2N—OH 


(O 2 N—C 6 H 4 ) (CeH6)N(=0)—NO 2 

oxid. (NO 2 ) 


(02N--C6H4)2l<I=0 


By various other reactions the diarylnitric oxides give diarylamines 
(which are often stages in further transformations). The majority 
of reducing agents react in this way. 
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4 . Hydnodic acid (acidified dilute KI solution) reacts quantita¬ 
tively with diphenylnitric oxide according to the equation: 

(CeH5)jl5f=0 + 3HI (CtHdaN—H + HjO + 31 

6. Dilute^ mineral acids cause catalytic disproportionation of 
diphenylnitric oxide to diphenylamine and quinoneanil oxide {Wie- 
land, Ber. 53, 215; see also Meyer, Ber. 54, 328): 

(C 6 H 6 ) 2 N ==0 + H—C.H 4 —N(=:0)C.H6^==i: 

(CelDiN—H + 0=C,Tl4=N(==0)C,H5 

Diphenylnitric oxid(‘ undergoes the same decomposition (in ether solution) very 
often without known cause. 

6. Concentrated sulfuric acid gives a deep blue solution with 
diphenylnitric'- oxide. 

7. Bromine converts diphenylnitric oxide into 2,4,2',4'“tetra- 
bromodiphenylamine {Wieland, Ber. 47, 2112; Meyer^ Ber. 54, 
329). 

8. Phenylhydrazine reduces diarylnitric oxides only to the di- 
arylhydroxylamine stage, e.g.: 

CfllUNH-Nin 

(p-N02--CJT4)2N--0-> (P-NO 2 —06H4)2N-~0H 

Diarylnitric oxides, other tlian those described above, see Meyer^ 
Ber. 54, 333. 2,6,2', 0 '-Tetramethyl-4,4 '-dimethoxydiphenylnitric 

oxide, m. p. 163®. 2,2 '-Dimethyl-4,6,4', (> '-tetramethoxydiphenyl¬ 

nitric oxide, m.p. 175° (dec.). 2,4,G,2',4',()'-Hexamethoxydiphenyl- 
nitric oxide, m.p. 194° ((lec.). As distinct from diphenylnitric 
oxide, th(‘se compounds are very stable and show no band spectrum 
in solution. 

(b) Organic Substituted Ammonium Radicals 

1. Alkylamrnonium Radicals 

Alkylammonium radicals liave so far only been obtained in the 
form of blue solutions in liquid ammonia, or as amalgams. It is 
only the quaternary alkylammonium radicals that have any real 
stability, in analogy with the greater electrolytic dissociation of their 
salts in aqueous solution, and the stability of the alkylated ammonium 
hydroxides. The effect of arylation on the stability of the methyls 
should also be mentioned {Schluhachy Ber. 56, 1892). Finally, the 
similarity between tritylsodium and trityltetramethylammonium is 
notew^orthy (Ber. 49, 605). 

METHODS OF FORMATION. 1. By electrolysis of alkyl¬ 
ammonium salts in liquid ammonia {Palmaerj Z.Elektrochem. 8, 
729), best at —78° and using tetraalkylammonium iodides (Schlu¬ 
hachy Ber. 53, 1689; 54, 2811, w^here other details of technique are 
given). 

la. By electrolysis of alkylammonium salts using a mercury 
cathode, when alkylammonium amalgams are obtained. Alcohol is 
usually used as a solvent (McCoyy Am. 33, 273; J.Phys.Chem. 16, 
261). 
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2. By acting on alkylammonium halides with alkali metals in 
liquid ammonia (Schlubach, Ber. 54, 2814): 

N(C2H5)4C1 + K •N(C2H5)4 + KCl 

PROPERTIES. The blue solutions of tetraalkylammonium 
radicals in liquid ammonia resemble in color exactly the solution of 
sodium in ammonia. When cooled to —78°, the color of the solution 
slowly fades after some hours, which Schlubach (Ber. 54, 2813) 
ascribes to dimerization of the radical, since the decolorized solution 
gives the same reactions as the blue solutions. The amalgams of 
tetraalkylammonium radicals resemble very much in appearance 
sodium amalgam. 

Comparison op Addition Products of Tetraethylammonium and Alkali 

Metal 

(Ber. 56, 1801) 


Type 

Coiiipouiul 

With teira- 
ethylainmoniuni 

With alkali 
metals 

State 


Benzophi'iiorK^ 

Bine 

Blue 

Solution 


Phenyl bipiu-ny- 
lyl ketone 

Y(‘llovv 

Mono: yellow to 
deep green; | 
Di: d(H'p blue 

Solution 


Dimethylpyrone 

Yellow, solid 
Brii^k iv.d 

Brick red 

Violent to d(M'p 
red 

Solid 

Solution 


/3-Benzi)inac()line 

Brick r(id 

Violet to deep 
red 

Solution 

0 0 

Benzil'^ 

1. Y(‘llow 

2. Gixum 

Violet 

Solid 

4-t- 

Plienaiithraqui- 

none" 

1. Yellowish 

brown 

2. Magenta 

Dark brown 

Solid 


Anthracime 

\ ellowish gnnm, 
brown flocks 

Bluish vif)let 

Solution 

>C=(’< 

Stilbene 

Re<ldish brown 

Brownish violet 

Solid 

Tel,rai>henyl- 
i ethylene 

Reddish violet, 
solid 

Dark red 

Solution 

1 

jl 

Benzalaniline 

Bright yellow 
Wine red 

Bright yellow 

Solution 

—n=-n-- 

Azobenzenc 

Dark n^ddish 
brown 

Dark violet 

Solid 

-c^c- 

Tolaiie“ 

1. Greenish 

black 

2. Flesh colored 

• 

Solid 

1 

o 

1 

Toliiniirile 

Dark brown 


Solid 


" In the action of tetraethylammonium on benzil, phenanthraquinone, and 
tolane, the color stages 1 and 2 occur one after the other. The color of the mono¬ 
alkali metal compound of phenyl biphenylyl ketone is not as indicated in the above 
table, which is the original table, but is bluish green (Ber. 47, 486). A sensitive 
test for alkylammonium radicals depends on the easy formation of an addition 
product with dimethylpyrone. 
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CHEMICAL PROPERTIES of the radicals dissolved in liquid 
ammonia: 1. Thermal decomposition. Even at the boiling? 
point of liquid ammonia (—33.5^) the tetraalkylammonium radicals 
tend to bi’eak down: 

2 N(C,TE)4 2 i\(C2H,)a + (C.Hs)^ 

2. Iodine is taken up by tetraalkylammonium radicals with 
formation of the iodide. 

3. Oxygen has no a(‘tion. 

4 . Sulfur is tak(‘n up with formation of sulfides. 

5. Unsaturated compounds, which are able to add on to alkali 
metals, also add on to tetraalkylammonium radicals dissolved in 
lie|uid ammonia. The adduct,s are in eacdi case very similar to each 
other, as the table on d. 12X shows {ScMiibar.hy Ber. 56, 1891). 

CHEMICAL PROPERTIES OF THE RADICAL AMALGAMS. 
Tetramethylammonium amalgam can be kept for about a day below 
10°. It is more reactive than sodium amalgam. The electrode 
potential of tetramethylammonium amalgam is about 0.6 volt higher 
than that of ammonium amalgam. 

1. Copper and tin salt solutions are immediately reduced by 
tetramethylammonium amalgam to the metal. 

2 , Salts of sodium, potassium, and ammonium react with tetra¬ 
methylammonium amalgam with formation of sodium, potassium, 
and ammonium amalgam, nispectively. 


2, Di'pyridinmrn Radicals* 


It is possible to explain the behavior of many N,N'-disubstituted 
dihydro- 7 , 7 '-dipyridyls on the assumption of tautomerism. Whether 
this is justified is doubtful. 

Hofmann (Ber. 14, 1503) obtained N,N'-dibenzyl-N, 7 ,N', 7 '- 
tetrahydro- 7 , 7 '-dipyridyl by removing the halogen from N-benzyl- 
pyridinium chloride {Eniniert, Ber. 52, 1351; for another view, see 
Weitz, Ber. 57, 153): 


C„H5- 


.XT H H 

Cl/ \=/ 


-2 Cl 


/H H. 3L4 

C6H5~CIT.2~N<^ V-^ )>N—CHs-CfiHs 


d’his “leuco-compound^^ dissolves in hot alcohol with a yellowish 
brown color, and forms a compound (apparently with dehydrogena¬ 
tion and disproportionation) which Weitz (Ber. 57, 153) has obtained 
in the solid form, and regards as a dipyridinium radical (in tautomeric 
equilibrium with a quinoid isomer): 

* The name dipyridonium radicals later proposed for these compounds (Weits:§ 
Ber. 59, 2307) appears to be less suitable, since it emphasizes their relationship 
to the pyridones, and is contrary to the almost universal name **pyridinium 
salts.** 
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Emnicrty Ber. 55, 2322; 56, 491, and Dimroihy Ber. 55, 3693, admit 
only the qninoid formnlation of this and analogous compounds. 

PROPERTIES. Dipyridinium radicals are crystalline, brownish 
red su})staii(*(‘s, which dissolve (in an atmosphere of hydrogen) in 
organic*, solvents witli a ycdlowish brown color (in the presence of 
oxygen a deep blue oxidation })roduct. is formed; see further below). 
The double alkylated radicals and dibenzyldipyridinium {Weitz, Ber. 
57, 157) and the corresponding phenylated, benzoylated (WeitZy Ber. 
57, 155, 162), and acctylated compounds {Dimroth, Ber. 55, 1223) 
have so far been investigated. The benzoylated and aeetylated 
comi)Oimds, as acid amides, have prac*iically none of the properties 
of an ammonium radi(*.al, and for them the quinoid formula is to be 
preferred. 

FORMATION. 1. By regulated oxidation of the ‘deuco-com- 
pounds, e.g., by disf)roportionation, oxygen, or iodine (see above). 

By reduction of the quaternary dipyridinium dihalides by 
hydrolysis, or by the acticjn of zinc or magnesium in aqueous solution: 

I<---(R)N^-C5rT4—(\Jl4~“N(R)—I — 

The reduction can also be brought about with the leuco-compoiind 
{WeitZy Ber. 55, 2874). 

CHEMICAL PROPERTIES. 1, The most outstanding prop¬ 
erty of these compounds is their tcmdency in solut ion in the presence 
of air to pass into blue (wluui alkylated or benzylated dipyri¬ 
dinium radi(‘.als are used) or dark green (when phenylated com¬ 
pounds are used) oxidation products. This reaction occurs so 
quickly that for some time it was assumed that the dipyridinium 
radicals were blue or green. The same coloration is produced by 
the careful addition of iodine, analogous compounds being obviously 
formed, which have been obtained in the crystalline form {WeitZy 
Ber. 57, 156). They have the composition of 1 mole radical:! 
atom iodine. The compounds may be regarded as “semiradicals^b 

--05114—C5H4^N (R)—I 

or as subhalides: 


r~n.~-(::5H4 ~-C6H4^h:=n—R 

1.1-i 

(WeifZy Ber. 59, 432), or as dimeric quinhydrones {Emmert, Ber. 55, 
2322 ; 56, 491; 57, 1792; and Dimrothy Ber. 55, 3693). These sub¬ 
halides (similar to Wurster\^ red) may correspond to the products ob¬ 
tained by the action of air (OH instead of I). The further action of 
iodiile (air) converts the above-mentioned intermediate products into 
quaternary dipyridinium diiodides (or dihydrpxides). 

Carbon dioxide, in the presence of oxidizing agents (nitric 
oxide or oxygen), reacts with dibenzyldipyridinium with formation 
of N ,N '-dibenzyl- 7 , y '-dipyridinium bicarbonate, indicating the 
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metallic character of the radical {WeAtz, Ber. 55, 2864). It corre¬ 
sponds to a noble metal, since it is displaced from its salts by zinc 
(method 2 of formation). 

(c) Arylated Aminium and Hydrazinium Salts 

1, Triarylaminium Salts 

If in the triarylamines, each aryl extracts more affinity from the 
nitrogen than corresponds to one valence bond, these compounds must 
resemble ammonium radicals. Starting with this idea, Weitz (Z. 
angew.Chem. 39, 1193; Ber. 59, 2307; 60, 545) Inis shown that the 
triarylamines combine with acid radicals {e.g.j (.'IO 4 ) to give blue 
‘‘triarylaminium salts.’’ In these salts, the cation is a radical, as (he 
following comparison shows: 

[Ar3N]CI04 (R.-,NHjCI04 

Aminium salt Ammonium salt 

The triarylaminium salts contain, from the formal point of view, 
tetravalent nitrogen. They correspond in their degree of oxidation to 
the diaryl nitrogen radicals (with divalent nitrogen, see p. 433) to 
which they stand, as far as the formula is concerned, in the same rela¬ 
tionship as the quaternary ammonium salts to the tertiary amines. 
In agreement with this view, the triarylamines in gcmeral do not form 
salts with acids. Perchloric acid alone combines with triphenylamine 
to give a normal salt, [(C 6 H 5 ) 3 NH]C 104 , which, however, is very 
readily hydrolyzed {HofnianUj Ber. 43, 1080). 

For the earlier known blue pcrbromide of the triarylamines which, however, 
was not regarded as an aminium salt, and to which the formula [Ar 3 h!]Br(Br )2 is 
now ascribed, see Purrimererj Ber. 59, 2309. 

METHODS OF PREPARATION. 1, From the triarylamines 
and the acid radicals, triarylaminium salts are obtained. Thus tri- 
p-tolylamine and phlorinc tetroxide give tritolylaminium perchlo¬ 
rate: 

a:((TL-CoTl4—)3N + (C104)x x[(CH3—C6ll4~)8N]C104 

2. Triarylamines (like noble metals) form salts with acids in the 
presence of an oxidizing agent. Thus, tri-p-tolylamine, picric acid, 
and lead dioxide give tri-p-tolylaminium picrate, [(CH 5 —C 6 H 4 ) 3 N]- 
—0—C6H2(N02)8. 

Neither react ion C4in bo carried out with triphenylamine because the p-H atom 
is too easily oxidized. 

PROPERTIES. The blue solutions of triarylaminium salts 
show a band spectrum. Even quite dilute solutions of tritolyl¬ 
aminium perchlorate in chloroform obey Beer’s law accurattdy, so 
that this compound and its analogues are salts and not (dissociating) 
quinhydrones (Weitz, Ber. 60, 547). 

CHEMICAL PROPERTIES. 1. Reducing agents convert tri¬ 
arylaminium salts into triarylamines, e.g.: 


[Ar 3 NlC 104 -h HI ^ 


± Ar^N d- 110104 -f I 
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2 . Water readily hydrolysses the triarylaminiiim salts, although a 
triarylaminium hydroxide has not yet been obtained. These 
hydroxides are obviously very unstable. 

S. Quaternary 7,7'-dipyridinium salts are precipitated from 
alcoholic solutions of triarylaminium perchlorates in the form of 
their difficultly soluble perchlorate (this would appear to be a good 
reagent for the CIO4 ion in alcoholic solution). A suitable substance 
for this reaction is N,N'-dibenzyl- 7 , 7 '-dipyridinium dicliloride 
(WeitZy Ber. 60, 546). Cf. p. 430. 

For triarylaminium salts with an amide group in the p-position, and addition 
products with antimony penlachloride, and phosphorus pentachlorido, and for 
th(‘ ammonium character of the diarylamines, sec Weitz, lk‘r. 59 , 2311; 60 , 547, 
540. 

Tetraarylhydrazinium Salf^ 

These com})ounds, which were also discovered by Weitz (Ber. 60, 
1203) I’cscrnble the ti'iarylaminium salts so closely that it is only 
necessaiy to mention a few outstanding points concerning them. 

Th(i tetraarylhydrazinium salts bear the same formal relationship 
to th(^ triarylliydrazyls (p. 439) as the quaternary ammonium salts 
do to tertiary amines. 

The tetraarylhydrazinium salts are violet-colored compounds, 
whose solutions show a characteristic band spectrum. The composi¬ 
tion of these radicals is represented by the formula [Ar 2 N—NAr^JX. 
A second acid radi(‘al cannot be taken up. 

METHODS OF FORMATION. Tetraarylhydrazinium salts are 
obtained in the same way as the triarylaminium salts. The first 
method mentioned above can, however, be used with nonoxidizing 
acids (e. g., HCl) on tetraarylhydrazines. No hydrogen is evolved 
in this case. The reaction is explained by the fact that, in the ab¬ 
sence of an oxidizing agent, the tetraarylhydrazine itself acts in this 
capacity (in the same way as phenylhydrazine does in the formation of 
osazones). 

3 Ar2N—NAr2 + 2I1CI 2lAr2N—NAr2lCI + 2 ArzNH 

By the action of triarylaminium salts on tetraarylhydrazines, tetra¬ 
arylhydrazinium salts are obtained (from which it follows tliiit the 
tetraarylhydrazines are relatively less noble “ammonium radicals" 
than the triarylamines): 


[AraNlX -h AraN—NArj ;;=± Ar^N + [AraN—NAralX 

CHEMICAL PROPERTIES. Even very mild reducing agents 
convert tetraarylhydrazinium salts into tetraarylhydrazines. The 
tetraarylhydrazinium salts are thus good oxidizing agents. They 
liberate iodine from potassium iodide, even in neutral solution, and 
the hydrazine is formed: 

[AraN—NAr 2 lX -f KI AtsN— NAr 2 + I + KX 

(The foregoing equation shows that tetraarylhydrazinium iodide does 
not exist.) 
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V- ORGANIC RADICALS WITH DIVALENT 
NITROGEN 

The orfi;anic radicals of divalent nitrogen so far obtained are pro¬ 
duced by dissociation of two trivalent nitrogen atoms linkcal to¬ 
gether, in consequence of the ('fT(a*t of the four groups attacdied to 
these atoms. In the simplest (‘,ase, these substituents are aromatic 
radicals. We then have tetraarylhydrazines, which dissociate into 
two molecules of diarylnitrogen: Ar 2 N NAr 2 l> Ar 2 N. To 

these important compounds analogous to hexapluaiylethane and 
triphenylrnethyl, discovered by Wieland (Ann. 381, 200), must be 
added compounds obtained by rej)lacing one of the two aryls at¬ 
tached to a nitrogen atom, a diarylamino-gi’oup. The hexaaryl- 
tetrazanes and their decomposition products, the triarylhydrazyls: 

Ar,N--N(Ar)—Ar(N)—NAra 2AroN--NAr 

fall into this chess {Goldschmidt, Ber. 53, 44). Finally, the little in¬ 
vestigated compounds in whicli the dissociating nitrogen atoms are 
not directly linked with carbon, but with two thioaryl groui)s, must 
be mentioned. These ar(^ the tetrathioarylhydrazines, which break 
down to the dithioaryl nitrogens {Lecher, Ber. 58, 423): 

(ArS) 2 N—N(SAr )2 ;=± 2 (ArS) 2 N 

The nitroso comi)ounds, which can be regarded as diradicals with 
divalent nitrogen and monovalent oxygen, are dealt with under rad¬ 
icals wdth monovalent oxygen (p. 451). 

(a) Diaryl Nitrogens 

Litoratun*: Wieland, Di(3 Hydrazine, Eiike, Stuttgart, 1913, pp. 62-81; 
Ber. 53, 1336, and earlier papers. 

The tetraarylhydrazines resemble the hexaar^dethanes not only in 
their capacity to dissociate, but also in the great effect exerted on the 
properties of the substances by the nature of the substituents. The 
rather sur[)rising fact has been discovered that the same substituents 
can exert an entirely different effect on the dissociation of the two 
types of compound. The tendency toward dissociation is smaller in 
the case of tetraphenylhydrazinc than for hcxaphenylethane. If the 
phenyl groups in tetraphenylhydrazine are replaced by biphenylyl 
radicals, or if nitro groups are introduced into the phenyl, in the first 
case there is a weak, and in the latter a strong, reversal of the tendency 
to dissociation, whicdi is in sharp contrast to the effect of these changes 
on hcxaarylethanes. On the other hand, the tendency of the tetra- 
arylhydi’azines to dissociate is increased by the introduction of meth- 
oxy or dimethylamino groups in the p-position. According to ex¬ 
periments so far carried out, negative substituents in the benzene 
nucleus bring about a decrease, and positive substituents an increase, 
in the tendency to dissociate. The methyl group is more effective in 
the a- than in the p-position {Wieland, Ann. 392, 130). The order 
of aromatic substituents in increasing order of effect on the dissocia- 
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tion is as follows: P-NO 2 —C 6 H 4 *, p-Cells—CeLL-, CeHr,-, p-CHy— 
CeH4-, o^CH3 -CW4-, P-(CH3)2N -C6H4*. 

METHODS OF FORMATION. 1. Diarylarnines give tetraaryl- 
hydrazines when oxidized with powden'd permanganate in acetone 
solution at 10'^, or with lead dioxide in benzene or ether. This is the 
most impoi’tant method {Wivlandy Ber. 39, 1500): 

AraNII + HNArz Ar,N—NAr 2 

2. Tetraphenylhydrazine was first obtained by the action of iodine 
on sodio-diphenylarnine (Chaitawayy J. 67, 1090). 

3. When diethyl- and dibenz^d-N-chloramine are acted upon by 
copper they give the disproportionation products (see below) of di¬ 
ethyl- and dibcnzylnitrogen {Wielandy Ann. 392, 135, 152). 

4 . Thermal decomposition of tetraaryltetrazenes gives tetraaryl- 
hydraziiies with evolution of nitrogen {Wieland, Ber. 41, 3506). 

Ar^N—N--N—NAr2-> Ar2N—NAr2 + N 2 

Mixed aromatic tetrazenes give the corresponding hydrazines, and, 
if tetraalkyltetrazenes are used, the intermediate formation of dialkyl- 
nitrogens can be demonstrated by their action on nitric oxide. (See 
also p. 435; Wielandy Ann. 392, 135). 

5. The addition product of diaryl nitrogens and nitric oxide (see 
below) break down at 130° into their comi)onents. At the high tem¬ 
perature, however, the radicals produced undergo disproportionation 
{Wieland, Ann. 381, 211; 392, 131). 

6. The same holds for the difficultly obtainable addition products 
of diaryl nitrogens and triarylmethylene {Wielmidy Ann. 381, 214). 

PROPERTIES. Diphenylnitrogen is emerald green in color, 
while di-p-tolyl- and dibiphenylylnitrogen are dark yellow. When 
subjected to the action of cathode rays at the temperature of liquid 
air, the dimer phosphoresces with a bluish glow, which cciases as soon 
as the rays are switched off {Wielandj Ann. 381, 205). Dianisyl- 
nitrogen is bright green in benzene solution, while di-(p-dimethyl- 
Hminophenyl)~nitrogen is yellow {Widaml^ Ber. 45, 2602; 48, 1078). 
These radicals do not show typical band spectra. For solutions of 
the highly diss(H‘iated tetraarylhydrazines, Beer^s law is apparently 
inaccurate. These radicals are very sensitive toward light and min¬ 
eral acids 

CHEMICAL PROPERTIES. 1. Disproportionation. The di- 

arylnitrogens are distinguished from the triarylmethyls by their 
lower stability. According to Wieland^s rule (Ann. 401, 234) an 
oxidation-reduction reaction takes place, as for the hydrogen-con¬ 
taining radicals, but it is more marked for the dialkyl nitrogens. 
Thus, by thermal decomposition of tetraalkyltetrazenes {cf. method of 
formation 4)> instead of obtaining tetraalkylhydrazines, secondary 
amines and Schiff^s bases are formed (Wielandf Ann. 392, 129), e.g,: 
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Tetraarylhydrazines give N,N'-diaryldihydrophenazines (“pera- 
zines”) and secondary amines under the influence of light {Wicland, 
Ber. 41, 3484; Ann. 381, 202 ; 392, 156), e.g.: 


4 (p-CHs—CoIDal;!-> 2(p-C]Ir--O.H.)2NH + 


C’Ho—L 


CJI.CH, 


\N/ 


i 

C,H4CH3 


Dilution favors the decomposition. Evidently it is only the free 
radical that tends to disproportionate (cf, the analogous behavior of 
the triarylmethyls, p. 399). 

In addition to the formation of perazine in the above reaction, indamine forma¬ 
tion has also been observed (Ber. 53, 1317; see also p. 436). 

Transformation into o-semidines. This transformation oc¬ 
curs with tetraphenylhydrazine in boiling toluene to the extent of 
about 10%, in addition to the decomposition mentioned libove 
{JVieland, Ann. 381, 203). 



: /Cell, 

> 

N—i—N< 


1 


1^—NHCJb 
t^-N(C6H5)2 


This reaction predominates in the case of nascent di-/3-naplithyl- 
nitrogen (Wielandf Ann. 392, 131). In spite of its apparent similar¬ 
ity, this reaction is not connected with the semidine and benzidine 
transformations, but it is essentially similar to the Tschiischibahin 
transformation (p. 399). 

3 . Nitric oxide combines with diaryl nitrogens and their ana¬ 
logues to form the comparatively stable nitrosamines (decomposition 
temperature of diarylnitrosainines is about 130°): 

AraN- + -NO Ar^N—NO 

This is an important method for fixing these unstable radicals (Wie- 
landj Ann. 381, 203; 392, 142). The same is true of the following 
reaction: 

Ji., Triphenylmethyl forms even more stable addition products 
with diaryl nitrogens than does nitric oxide {Wieland^ Ann. 381, 
204; Ber. 45, 2605); 

Ar^N' + ^_ Ar2N--G(C6H6)3 

6 . Acids react with the tetraarylhydrazines very readily, causing 
hydrolytic fission at the N—N linkage. Ar'iNII and HO—NAr 2 are 
first* formed. The dijirylhydroxyfamine then undergoes further re¬ 
actions {Wieland^ Ann. 381, 200). By the action of concentrated 
sulfuric acid on tetraphenylhydrazine, N,N'-diphenylbenzidine, 
CeHa—NH—C6H4-C6H4~-NH-C6Hr„ {Wieland, Ber. 39, 1503) is 
formed, together with a reddish-violet substance, which is apparently 
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a quinoid addition product of sulfuric acid and tetraphenylhydrazine 
{Wielandy Ber, 40, 4263). The reddish violet color of the solution 
soon changes, however, to a deep blue. The blue compound is the 
same as that produced by the action of nitric acid (and other oxidizing 
agents) on diphenylamine, triz.^ prm-diphenylbiphenoquinonedi- 

imonium sulfate, ‘[C 6 H 5 -N=Cr>H 4 =C 6 ll 4 -NH.CeH^JO—SOall. 

Its formation from tetraphenylhydrazine probably takes place 
through diphenylhydroxylamine (see above) (Wielandy Ber. 46, 3304, 
3310). The supposition that the blue color given by diphenylamine 
with oxidizing agents is due to the intermediate formation of tetra¬ 
phenylhydrazine seems to be unfounded (Wielandy Ber. 46, 3296). 

0 . Oxygen has no action on the diaryl nitrogens. 

TETRAARYLHYDRAZINES. Tetraphenylhydrazine, colorless, 
m.p. 144^, dissociation begins at 90° (Wielandy Ber. 39, 1500; Ann. 
381, 200). s?ym-Diphenyl(ii-y>-tolylhydrazine, m.p. 123°. Tetra-yj)- 
tolylhydrazine, m.p. 136°. Tetra-o-tolylhydrazine, m.p. 112° (not 
sharj)); the yellowish color of its warm solution in benzene is re- 
versibh^ on cooling (Wielandy Ann. 392, 130, 176). Tetrabiphenylyl- 
hydrazine, m.j). 130° (turning brown). Tetraanis 5 dhydrazine, 
m.p. 90.5°, is colorless in the solid state, yellowish green in benzene, 
red in nitrobenzene, and colorless in ether. This illustrates the effect 
of the solvent on the dissociation. Solutions in benzene do not 
obey Beers law. liight strongly catalyzes self-decomposition 
(Wielandy Ann. 401, 233). Mono-*y>-nitrotetraphenylhydrazine, is 
orange-red, m.p. 145°. sym-Di-p-nitrotetraphenylhydrazine, red 
crystals, m.p. 168-169°. Tetra-(y}-dimethylamino)“tetraphenyl- 
hydrazine, m.p. 74-76° (turning red), is colorless in the solid state, 
but gives a strong yellow solution in benzene. Degree of dissocia¬ 
tion in benzene about 10%, and in nitrobenzene about 21%. Solu¬ 
tions in benzene do not obey Beer^s law. Spontaneous decomposi¬ 
tion of the compound gives rise to diarylamin(% perazine, and the 
cherry-red trimethylindamine, H 3 C—N~C' 6 H 4 “N—C 6 H 4 —N- 
( 011 . 3)2 (Wielandy Ber. 53, 1317). In contrast to the above de¬ 
scribed tetraarylhydrazines, this strongly basic hydrazine forms 
colorless, normal salts, with a strong N—N linking, with acids 
(Wielandy Ber. 48, 1082). Tetra-(y>-dimethylamino)-tetraphenyl- 
hydrazine is very sensitive to water (Wieland, Ber. 48, 1078). For 
other l)asic tetraarylhydrazines, see Wielandy Ber. 53, 1313. sym- 
y>,p'-Di(acetylamino)tetraphenylhydrazine, m.p. 124°, turning dark 
on melting, does not tend greatly to dissociate. sym-pyp'-Bis- 
(diethylamino)-tetraphenylhydrazine, m.p. 104° (turning dark); 
degree of dissociation similar to that of tetraanisylhydrazine. 
sym-p,p '-Dimethoxy-y? ",p " '-6fs-(dimethylainino) tetraphenylhydra- 
zine, m.p. 93° (turning (lark), is very highly dissociated and is sensi¬ 
tive to acids (Wieland, Ber, 53, 1315, 1323). 

MIXED AROMATIC DITERTIARY HYDRAZINES (Wielandy 
Ann. 392, 133; Bar. 53, 1329). The introduction of alkyl groups in 
place of the aromatic residue leads, in the case of the hydrazines, as 
in that of the arylated ethanes, to less dissociation. .s^/m-Dimethyl- 
diphenylhydrazine (prepared according to method b p- 138° 
(1 mm.) (partial decomp.), is sensitive to acids, anci reacts with 
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nitric oxide when heated. ,s,vw-Diethyldiphenylhydra 2 ine, b.p. 
141° (1 min.) (partial decom]).). a.s 7 /m-Dimethyldiphenylhydra- 
zine (prepared by methylation of n^ 7 /m-di])h(‘nylhydrazine), rn.p. 
52°, is even less disso(‘ialed than the .sy/w^-isorneride. Cyclic ana¬ 
logues of the dialkyldiarylhydrazines (ditertiary hydraziiu's of the 
quinone series, see Wielmid, Ber. 53, 1335), e.g.: 

C 6 H 4 -N- -N ' —-^CftTL 

are preparcnl aca'ordin^^; to im^hod /. The “qui]iolin('~l)ydraziii(\s” 
show even less t('iKh‘iK‘y to dissociau^ tiia.n the dialkyldiarylliydra- 
zines (dissociation end decomposition c(;mmenc(‘ at 213°). The 
tendeiK^y to do(*omp( s(‘ is tJierefoni deentased by rint’; (‘losnre. 
Tlie compounds h:\\(^ no‘basic pro})erties. A(dds brin.!.’; about tlie 
same chanyC''^ ns with the tetraarylhydrazines. N,N'-bis-(Tetra- 
hydro[l ,2,3.4Iquinolyl), formula, see a])OV(\ m.]n 141-M2°. R,N'- 

5is*-(Tetrahydro[l,2,3,41methyl[()]quinolyl), m.p. 107-1()<S°. N,N'- 

5'w-(Tetrahydro[l,2,3,4]niethoxy[0jqu!uolyi), m.p. 117-118° (turn¬ 
ing red). 

/CcTl4v \ / /C6ll4\ 

Tetrafluorenylhydrazine, ( | >CII | N-Nf CII< ] ), m.p. 

\C«h/ a \ ^CeH4/ 

243° (dec.), is prepared by passing oxygen into molten 9-amino- 
fiiiorene at 70° {Goldschmidt, Ann. 456, IGl). Even at ordinary 
temperature the comjDOund shows a green color due to dissociation. 
The dissociation increases in the series of solvents: ether, acetone, 
toh-ume, benzene, pyridine. Tla^e is no diss()ciati<m in metlpyl or 
etliyl alcohol. Dissociated solutions do not obey Bccr^s law. Di- 
fluoren 3 dnitrogen doc^s not react with nitric oxide, though it does with 
nitrogen dioxide. The li^^drazine shows the characteristic sensitivity 
toward acids. 

TETRABENZYLHYDRAZINE. Tetraallvylhydraziju^s liaye so 
far not been pre])a,r(ul (but diethylnitrogen, obtained as an inter¬ 
mediate product in the decom])osition of tlu‘ tetrazcrie, (^aii be fixed 
by nitric oxide). 4'etrabenzylhydrazine can, however, be ])rei)a5‘(?d 
{Wiclandj Ber. 53, 1330). Jt is a very stable compound, m.p. 139.5°, 
b.p. about 2G0° (32 mm.), when the comiKHind can be partially dis¬ 
tilled uncluinged. Tetrabenzylhydrazine dissolves in concentratc^d 
sulfuric acid without decomposition, but simply forming a salt. If, 
however, the substance is heated with concentrated sulfuric acid to 
a high temperature, the benzyl groups break awa^^: 

(CflHa—CH2)2 N—N (CIL—CbHs). 4- 4HD1 

, ■. ± 4 CsTL—CIL—Cl 4- HaN—NIL 

Even boiling with zinc dust and glacial acetic acid for a day does 
nothing more th<‘ui reduce tcdrabenzvlhvdrazine. 

DIRADICALS OF THE DIARYLNITROGEN TYPE. These 
compounds provide particularly good examples of tautomerisin. 
When N,N'-dimethylbeiizidine is dehydrog(mated, monornolecular, 
orange-red N,N'-dimethylbiphenoquiuonediimine (Wiclandf Ber, 
55, 1804) is formed. 
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CHjNH—C,H4—C.H4—NH—CII, —^ CH,—N=C,f[4=Cai4=N—CH, 

If N,N'~diphenylbenzidinc is submitted to dehydrogenation (with 
permanganate), a colorless, amorphous compound is formed with the 
composition of a diimine, but of twice the molecular weight. This 
substance is colored brown, reversibly, in boiling xylene {Wielandj Ber. 
55, 1804). It is a double hydrazine which, on warming, dissociates 
into a diradical of the dia,rylnitrog(;n type. The following processes 
are therefore occurring; 

2 Cdh—NH—CflTT4—C»H4-~NH—C«H5 — 

2 CeH5—N—IJ—CeHfi 


C«n 5 —N-Celh—C6H4—N—CftHfi 
CcHs—ll—Celli—C,H4—li—C,H5 

As in the case of the quinonediinethides, these phenomena can be ex¬ 
plained from the point of view of taiitornerism as follows: 

R*--N--C6H4™C6H4-N—11 ——-ei U_N_CeH4™.Cen4—N—R 

When R = alkyl, the equilibrium is displaced toward the left; when 
it is an aryl group, it is displaced toward the right. 

The double radical can be reduced to the diarylbenzidine. They 
add on nitric oxide, giving fcis-nitrosamines. They break down at 
high temperatures in the usual manner, and behave in general like 
the diaryl nitrogens (the addition of nitric oxide also occurs, however, 
with the quinonediirnines {Wieland^ Ber. 55, 1806)). For the N,N'- 
diarylbenzidines so far investigated, the effect of aryl groups on the 
dissociation increases in the following order: p-chlorophenyl, phenyl, 
p-tolyl, anisyl. It is noteworthy that a cyclic analogue of N,N'- 
dialkylbenzidine, the quinoline derivative (^^quinobenzidine'O • 


HN 


./(Cib; 


^CeHs-^CeHa^ 




NH 


does not give a quinonediimine on dehydrogenation, but a hydrazine. 
The closure of the hydrogenated ring, appears, therefore, to hinder 
the biphenyl skeleton from becoming quinoid in structure (Wielandt 
Ber. 55, 1807). 

6 ts-Diphenyldibiphenylenehydrazine, formula above, shows a 
blue fluorescence in solution. ?>z 6 *-Di-p-tolyldibiphenylenehydra- 
zine, m.p. 205'' (indefinite). 6 fs-Di-p-chlorophenyldibiphenylene- 
hydrazine, m.p. 230'' (indefinite). 5u-Di-p-anisyldibiphenylene- 
hydrazine, m.p. 200° (indefinite); breaks down into radicals in 
solution even at ordinary temperature. The color of the solution is 
green (in benzene). Hydrazine from “quinobenzidine,*’ C 72 H 72 N 8 , 
m.p. 172° (red coloration), is obtained by dehydrogenation of the 
above-mentioned quinoline derivative, and breaks down into radicals 
in boiling ethyl benzoate (b.p. 213°) (Wielandj Ber. 55,1807, 1814). 
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^ (b) Triarylhydrazyls and Analogues 

Literature: Goldschmidt, Ber. 53 , 44; 55 , 616, 628; Ann. 437 , 104; 473 , 137. 

Triphenylhydrazyl, (CeH^jaN—N(Cells), bears the same relation¬ 
ship to pentaphenylethyl as diphenylnitrogen docs to triphcnyl- 
methyl. Corresponding to this analogy, tlie triarylhydrazyls show 
considerably less tendency to associate than the diarylnitrogens, and 
also less than the carbon isologues. In contrast to the monomeric 
pentaphenylethyl, triphenylhydrazyl is in equilibrium with the di¬ 
meric hexaphenyltictrazane at room temperature, the radical form 
strongly predominating (the ^'Goldsehmidt-Schlenk principle,” Ber. 
58, 418): 


(C(jH6)2N-~N(C6H5) 

(CeH5)2N~N(C«H5) 


(CeH6)2N—NCCeHfi) 
(('■.H6)!N—N(C,H5) 


Some of the hydrazyls are known only in the monomeric form, e.g., 
a, a-diphenyl-/3-trinitrophcnylliydrazyl: 


NO, 



NO, 


It is rather remarkable that this radical should occur only in the 
monomeric form, because the introduction of nitro groups into the 
benzene nucleus of the diarylnitrogens increases their tendency to 
associate very considerably (the same holds, rather surprisingly, for 
the introduction of nitro groups into the a-benzene nuclei of the tri¬ 
arylhydrazyls: Goldschmidt, Ann. 473, 148). There is thus a con¬ 
siderable difference in the effect of substituents on the degree of dis¬ 
sociation of diaryl nitrogens and triarylhydrazyls, although these 
compounds agree on the whole in their properties and chemical reac¬ 
tions. 

Acyldiarylhydrazyls have also been prepared. They tend more to 
associate than the triarylliydrazyls, and, in fact, in this respect a- 
acyldiarylhydrazyls exceed the /5-compounds in the tendency to 
dimerize. 

Some remarkable monomeric carbonic acid derivatives of the hy- 
drazyl type have also been prepared {Goldschmidt, Ann. 437, 204). 
They are called mono-N-dehydrocarbohydrazides (or, according to 
the less satisfactory nomenclature of the original, mono-'N-dehydro- 
carbazides), and are formulated as RR'N—N—CO—NH—NRR' 
(where R - R' - C,lh, or R - CeHs, R' = CH3). 


1 . Triarylhydrazyls 

METHODS OF FORMATION. 1 , The triarylhydrazyls are 
prepared by the oxidation of triarylhydrazines (with lead dioxide at 
— 60® in methyl ether solution). The reaction is analogous to that 
used in the preparation of the diarylnitrogens): 
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AroN—NAr „tt 

I - > Ar-N'—NAr 

II 

To !,}u‘ product-, t-ho Jiudliyl otiKM* is so])ar.‘it-od in a vacuum 

at —70''. )*\>r (oc!mi(| 0 i‘, scr* (ifdJsrJunidty Bor. 53, 54. 

ddK‘ t»-n,!isrorma,tion oT (ripiKMi^dhydraziiK^ int.o trijdionyl- 
hydrazyl }>v ir)*a(jiat>on (wliicli also l>ri!n>;s a,bout decomposition) is of 
tlK‘or('tica,! inttovst. S(‘o (!()l<h^rfufii(d, Bar. 53, 4<S. See method 6 for 
tlie triapvln'.et-inds, p. 501. 

PROPERTIES. ll(‘xa])hpny]l(‘lrazane is almost, white at —80°, 
but, IxM'omes (‘o]^)i*(h 1 on warniiii^*. Itssolutiotisare }ialeKf'("('ihsh 
blue a.t —80°, a,nd take (m tla^ deep hhu* c{)lor of trii)lienylliydraz 3 d 
on wa-i'minip OOk* solut-iorrsslo not obev J^erds law. 

ClffiMICAL PROPERTIES. /. Spontaneous decomposition. 
Tiie triar 3 d]iydrazyls <‘ir(^ vei;y inr'tabl<\ At room to]n]')erature the 
dee]) blue color of tj-iplamylliydr-azyl solutions chan,t 2 ;es from p:reen to 
reddish browm. ni):)}Hmyl.‘uniiK‘ and quinonearuldi])henylhydrazone, 
(CbHfdiiN-- N---('JL---N---("JIs, are among tlie products of decom¬ 
position. 

2. Nitric oxide combiners with triarylltydraz^ds to give unstable 
addition com{)oimds, AraN—N(Ar)-—NO (in t!ie same way as it does 
with the diaryhutrogens). 

S. Triphenylmethyl reacts with tria,rylhydraz.yls (like the diaryl- 
nitrogens). TIk' additioji i)roducts hav(5 not l)e(ai isolated (see 
Goldschmidt, Her. S3, 4()). 

4 . Hydroquinone coinawts almost all tlie hydrazyls quantita¬ 
tively into hydraziiK’s: 

2 Ar,N- NAr -f (ATT^COIT)., 2 Ar,N~N(H)Ar + 

5 . Hydrazobenzene reacts even more nuidily with the hydrazyls: 

2ArN—NAr + CGHoNIT-NIICeIR 

2 Ar^N—N(TI)Ar + C 6 n 5 N=NCJl 5 

6. Acids react very readily with the hydrazyls {Goldschmidt, 
Ber. 53, 62). 

7. Oxygen does not attack the hydrazyls. 

Up to the present, three members of this class of compounds 
have been prepared. In addition to triphenylhydrazyl mentioned 
above, there is the very similar a,a:-dipheny).“/3-p-chlorophenyl- 
hydrazyl, (C 6 H 6 ) 2 N—N—CelU—Cl, which is distinguished from 
the halogen-free compound only by its greater stability and higher 
degree of dissociation. It is completely monomolecular, even at 
— 20° in solution. Above this temperature, the solution obeys 
Bee^s law, but not below it {Goldschmidt, Ann. 437, 195). The 
above-mentioned a;,a-diphenyl-/3-trinitrophenylhydrazyl, of which 
the formula is given above, exists only in the monomeric form, and 
differs from the above-mentioiu'd hydrazyls in color. It resembles 
potassium permangaiiab^ in ai>pearance, botli in the solid form and in 
solution. In contrast to most other compounds of divalent nitrogen, 
it docs not react with nitric oxide. 
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DiaryJacylhydrazylB 

PREPARATION. Those oonipounds are ()()taiiH'(l by dohydro- 
gonatioii of the eorros])oiiding hydniziiu's, 1,1 lo oxidizing :ig(‘nt i>oiiig 
potasshiin fornoyanide, which is rallaa* fx'Mnr flian lead dioxide 
{GoldscJfnddt, Ann. 437, 199). 

PROPERTIES. These raditaxls usually show a liigli Icnidency to 
associate), and are colored at liigh t('np)eratiir(\s (or eeaiceTitralions). 
The compounds acylated in the o-poi.ilion, Ar(Ac)N“ - NAr, are green; 
tlie jd-acylatod radicals, yVnjM-NA(% arc red. 

CHEMICAL PROPERTIES.' TIh' diarylacylhydrazyls resemble 
the triarylhydrazyls in tluar rea.(‘l.ions. It is only nraar-^sary lo men¬ 
tion the ciiaraeteristic transforn.’ation whieli diphetndaf'elylii.yalj-az^d 
and the dimeric tetrazane undergo when IKU is ]^assed into their 
benzene solutions, /j-t diloi’oazo!>enzene and a,c('taniljd{‘ a]\' formed. 

DISSOCIATION. (roUMnaidl usi'd th(^ diary];u‘ylhydrc*zyls and 
the corresponding t^drazamrs to solve fiindaiiuml.a! ])robli'ms of the 
chemistry of radicals. Tliese radierds an* sjx cially suitabh* for the 
purpose, since they nau't spf)]ita,uc(‘usly a})d (juaJiL’tati/(‘]y witJi 
liydi’oriuinone, and hydiazolxmzone, and also, the decom.positiou (>[ 
tbe tetrazane is a time r aaction. li' is t[i(a''(‘ro5’e possiiue t,o follow 
the position of tlie cs{ui]il)riu]n very /iccurat.eiy by titra.tion, }>y 

])roper (dioico of tiie tem])erature (—IS'A a,nd by work'n.c; in very 
dilute solutio5Ks, the i*(wa'rse react ion is veny considerably SiO’.\f d down 
{Goldschmidt, Aiin. 437, 299j. The a/*cuia.c 3 ’ of 1]](‘ m.et}s>d is still 
further increased by freezing th(' (‘yuilibriuni by (‘ooling to —89° 
{Gohlschniidt, Ann. 473, 111), dim p;-incij) d iws ills of tiur-s^ ('xpiM-i- 
ments are as follows: 1. Kxp(‘riiI'cnh-^ wiib diph;nyi-d-bcnzoyl- 
hydrazyl show tliat the d(\gn‘e of (liss(x*ia.tion corrcrspor.ds to Od- 
wald's diluti(jn law. 2. The use of diffei'ent solvemts shows that t iie 
degree of dissociation depends to a lai’ge extent on the solvent (in- 
ereasing sohilyility of Udra^zaue corresponds to increasing degiMC of 
dissociation). 3. ddie vahurs of the dissoeiat/ion eon;'itants obtained 
make it possibh^ to draw eonelusions on t,h(‘ elhx’.t of constitution on 
dissociation, but no simple comieetion ('xistn. Determinations with 
diaryl-a”acylhyd?’azyls (with va-iious acid radicals on the a-N~at.(an) 
show that tlic extent of dissociation to 1ii(' ladical is not connected 
with the electrolytic dissociation of the acid. 4. d'he heat-s of dis¬ 
sociation of the tetrazanes have been determined from the temperature 
coefficient of tlie equili])rium. The energy of dissociation is widely 
aifected by the solvent (see Goldschmidt, Ami. 473, MG, arid p. )389, 

DIARYL-a-ACYLHYDRAZYLS, Ac- N(Ar)~-N~ Ar (and tedra- 
aryl-n:,ti:'-diii<yltetrazaiies). The table (see p. 4 12) gives the 
properties of tliese conpiounds. They are colorless in the solid 
state, and an* not very mueli dissociated in solution. Thi\y are ar¬ 
ranged in inereaising order of dissociation. Di-///-dimethylamino- 
phenyl~cj:~acetylhydrazyl, which shows very little tendency to asso¬ 
ciate, has only been otitained in solution. 

DIARYL-/3-ACYLHYDRAZYLS, AigN- N -Ac (and tetraaryl- 
/S,|(^?'-diacyltetrazanes). Colorless tetraphenyl-dj/^'-diacetyltetra- 
zane, m.p, 141° (decomp.), dissolves with a pink color in hot chloro- 
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a-Acyl 

a-Aryl 

/5-Aryl 

M.p. (dec.) 

Dissociation color 

ClsCHCO 

CICH2CO 

CH3CH2CO 

CH,,CO 

(^.HsCO 

CH,CO 

CJi.CO 

Cef-lB 

CJI 5 

CbHb 

CeHB 

CbHb 

p-ClhC^i 

CeHs 

C«H6 

CeHs 

C.Hs 

CbHb 

P-CH3C«H4 

P-CHsC6H4 

102-104° 

111-112° 

117° 

126° 

114° 

109° 

115° 

Brownish violet 
Green 

Brownish violet 
Green 


form. As far as degree of dissociation is concerned it lies between 
the isomeric a-acetyl derivative and the analogous a-benzoyl 
compound. Colorless tetraphenyl-ft/3'-dibenzoyltetrazane is 
strongly dissociated in its blood-red solutions. The accompanying 
tables give the dissociation characteristics of these compounds and 
their derivatives substituted in the acyl radical: 


Dissociation of soino tclTaphonyl“j8,i3'--(liacyltetrazanes (Ann. 437, 201) 
Solvent, toiueno. Temp., —18° 


Both aoyls 

Per cent radical 
(dilution 300) 

Equilibrium const., 

A' XIO ’ 

Dissociation const, 
of acid at 25® X 10 "• 

(JoHbCO 

24 

2,000 

66 

P-CH3OC6H4CO 

30 

4,300 

32 

0-NO2C9H4CO 

4 

45 

6,500 

m-N02CdJ4C0 

50 

23,000 

350 

p-NOsCflIbCO 

39 

5,300 

400 


Dissociation of some ,svm-telraaryl-/3,i3'-dibonzoyUotrazanes 
(Ann. 473, 142, 140) 


ot-Aryla i 

Solvent 

Temp. 

Equilibrium { 
const., 

K Xl0-» 

Heat of dis¬ 
sociation of 

N—N linkage, 
koal. 

P-N02C«H4 

P-N02C^«H4 

CHCh 

0° 

6 

18!i 

p-NOaCijHi 

CJIb 

CHCI3 

-18.5° 

830 

p-BrC«H4 

p-BrCelb 

CHjCeHB 

-18.6° 

145 

12.5 

p-BrC«H4 

C,Hb 

CHsCsHb 

-18.5° 

330 

9.9 

C.Hb 

C,H6 

CH3C6H5 

-18.1° 

1,150 

10.2 

p-CIbCeTb 

C,Hb 

CH3CSH5 

-18.5° 

4,300 

8.9 

P-CH„(;bH4 

p-CTlaCfllL 

CH3CJT5 

-18.5° 

17,000 

8.2 

p.CH,OC«Tl4 

Cell 6 

; (CtD^CO 

-18.6° 

35,000 

7.6 

P-CH3OCSH4 

P-CPI30C.H4 

(CH3)2C0 

0 

0 

1 

0 

0 

0 

Completely ^ 
dissociated! 



3. M ono-'N’dehydrocarhohydrazides 

Those radicals are obtained (like the other hydrazyls) by dehydrogenation of 
terminally substituted carbohydrazides by lead dioxide at —25° (Goldschmidt, 
Ann. 437, 204), e.g.: 

(C6Hr,).N—NH—CO—NH—N(CeHB)s —— 

(CeH*)2N—N"~CO—NH—N (C«H6)2 

In addition to the radical chosen as an example, the compound CH 8 <CeH 5 )N— 
CO—NH—N(Cells)(CH j) has also been prepared. Both hydrazyls are 
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monomeric in solution. The color of the first, when dissociated, is deep blue, and 
of the latter, lavender-blue. They react smoothly witli triphenylmethyi and 
hydroquinone, but with difficulty with nitric oxide. 

(c) Dithioaryl nitrogens 

Dithioarylnitrogens are obtained, according to Lecher (Ber. 58, 423), by de¬ 
hydrogenation of the imides of aromatic sulfenic acids. They exist in equilibrium 
with the dimeric tetrathioarylhydrazines, e.g.: 

2(C6lL—S)2NH 2(CeHr,—S)2N .-rrzt (CbIL—S)2N—N(S--C6H6)2 

To carry out the dehydrogenation the solution of the imide is treated with lead 
dioxide (which actually readily reacts with the radical) and potassium carbonate 
(whi(jh stabilizes the radical, which is sensitive to acids). In addition t o benzene- 
sulfenirnide, o-nitrobenzenesulfcniimd(^ can be dehydrogenated in the same wa 3 ’. 
The violet solutions of the reaction products do not obey Beer’n law, and r(;act 
with nitric oxide, triphenylmethyi, hydroquinone?, and hydrazobenzein?. The 
anilide of p-toluene-sulfenic acid, CH 3 —CeiL—S—NHCells, has also been de¬ 
hydrogenated. The product is red in solution, and apparently contains thio-jD- 
tolylphcnylnitrogen. 


VI. ORGANIC RADICALS WITH MONOVALENT 
NITROGEN 

Radicals with monovalent nitrogtm are, without doubt, very short* 
lived. It has often been assumed that they are intermediate products 
in reactions, e.g.y erroiu'ousl}^ in the thermal decomposition of hydrazo- 
benzene {Goldschmidt, Ber. 55, 3217). On the other hand, it can be 
proved {Wieland, Ber. 48, 1112) that triphenylhydrazine decomposes 
in boiling xylene according to the equation: 

(CJT6)2N—NlKCeHO ;==± (C6H5)2NH + 

Instead of obtaining phcnylnitrogen, as might be expected, its dimer, 
azobenzene, is formed. Strong evidence for this view is given by the 
detection as a product of side-reactions of quinoneanil-diphenyl- 
hydrazone, as shown in the following equations: 

CeUs—N: H—CeH^—NH—N(C«H5)2 

CJIs—NIl—NH—NCCdHda (a) 

CcHB—NH—CeH^—NH—N(Cells)* -f Celle—Nil—N(CeH6)2 -> 

CeH5N=-CeH>4=N--N(CeHe)2 + CeHeNH* + NH(CeH 6)2 (0 

Actually aniline is also among the reaction products of the thermal 
decomposition of triphenylhydrazine. 


VII. DIRADICALS WITH TRIVALENT CARBON 
AND TETRAVALENT OR DIVALENT NITROGEN 


Diphenyldiazomethane appears to be a diradical of this type- 
Schonberg gives the compound the following formula: 


(CeIL)*C— feN or 


(C«H6)2C—N==:N 
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See, on the otli(*r hfunl, Muller^ N. 22, 335; Z.Eloktroclumi. 40, 542; 
Ann. 517, 117. 

VIII. RADICALS OF OTHER ELEMENTS 
OF THE FIFTH VERTICAL 
SERIES OF THE PERIODIC SYvSTEM 

(n) Phosphorus 

When t(;tra(‘tl>ylplu>sph ioJidr in licjuid ammonia is (‘loo.trolyz(ai, the blue 

solution round tlv oattio l^-,, wlii<'h is found whon (otraothylammonium iodide; is 
electroiyztn!, is not observed, but, wdum dinudhylpyroru' is added, a stable yellow 
(‘<>lo!ation is formed, 'bhis has Ix^en ex})lain(‘d as du(' to ketyl formation of 
tetraethylphosphoniuni {SrhluharJi^ Iki-. 56, 1891; s(H‘ tet-raalkylammonium 
radicals, }).-127). 


(b) Arsenic 


When tetraetliylarsoTiiiim iodide^ in liquid aminr>nia is (deetrolyzed, the same 
n^siilt is oblairu‘(i as for the correspoudin?;- phosphorus conifxnind (see abov(0. 
No blufi s(jJutioii is obtaiiKHl, but a y(*llow color with dimethyIpyrorie {Schluixichf 
I-ler. 56, 1S91). Zappi. (Hull, [dl, 49, 350) lias obtaimul a compound of tetra- 
va](;nt arsenic by t,he careful brominat.ion of inethylarsepiditKi (bi’omoinethyl- 
ars(q)idyl): 


CIT3 

I .CFr,-cdi,. I 

2 CH2< >\s 

NCIT 2 - cu/ 


CIT 3 

I 

2 CI5IT10 y\s • 

I 

Hr 


CJbo >A! 
Hr 


Clh CHa 
,s-it/ CJI 


S<^ e,'6j ii() 

Hr 


The dinuir forms colorlciss crystals, which dissolve at liii;h temp(‘ratures ^^iving a 
y(;llow solut,ion. Tluj solution ixmcIs with br(Jinine arui at iiiosph(*ric oxygan with 
formation of: 

CJT,o >As(C'TT:0Hr2 or C'JT,o >As((TL)]h-T)---0™Hr(C'T]3)As< 

TIku’c S('em to be* no analo{»;ous radif'als to this. 

Th(* existeii(!o of c-ompounds of divalent- arstmic. has t)ot yet b(‘en prov(‘d. The 
Ix'havior of t he tetraarylhydrazdnes leads to the assumption that the aromatic 
analogue', of cacodyl would und(‘rgo radical dissociation at higher Lempt^atures: 

Ar-As—-AsAr^ ^ ~::.z± 2 Ar2As 

The saim^ conclusion is arrived at from the fact that the central bond of tetra- 
phenylcacodyl is attacked l>y oxygen. Jt has, howevi^r, been sliown that this 
compouTui is not, markedly dissociated into radicals in boiling benzene {Schlenk, 
Ann. 394, 210). Work with other tetraaryldiarsyls has also led to no positive 
result {Biickcy Am. 52, 780). 


(c) Antimony 

‘'Antimony cacodyl" (m.p. 17.5°) and tetraethyldistibyl (m.p. —61°) show no 
tendcincy to break down into radicals, but, as w'ould be expected, rather the re¬ 
verse. In the solid state, the first compound is deep red, and the latter yellow. 
When fused, both compounds form yellowish liquids (Paneth, Trans .Faraday Soc. 
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30, 179) . The central link of tetraaryidistibylene is acted upon by oxygen and 
by iodine, but no dissociation into radicals has been observed (Blicke' Am. 55, 
1198). 


IX. ORGANIC RADICALS WITH MONOVALENT 

OXYGEN 


The intermediate formation of organic radicals with monovalent 
oxygen was first proved by Wicland (Ber. 44, 2550) in the theimal 
decomposition of triplienylmetliyl peroxide into benzpinacone di¬ 
phenyl ether (p. 422). In the later cases of the formation of radicals 
with monovalent oxygen it is a matter rather of tlie e(iuili})rium be¬ 
tween peroxides and the hemirners productnl by breaking the O —0 
bond. In the same way as for tlu? most im})ortant classes of com¬ 
pounds with trivalent carbon and divalent nitrogen, the loading of 
the linkage with aromatic radicals leads to its rupture. The organic 
radicals with monovalent oxygen are the aroxyls, which are in equi¬ 
librium with the diaryl peroxides: 

At —0 - 1- O —Ar = Ar— 0 — O —Ar 


From the dissociation pr()(‘ess it can be concluded that tluxse radicals 
will not be affected by oxygen. There are also cases of eciuilibrium 
between tlie aroxyls and the tautomeric radicals with trivalent carbon 
(a- and 7 -ketomethylenes): 


H 


. H I 




H H 


H ir“ii 


The assumption of this tautomeric f^quili])rium leads to the further 
conclusion that there are many possibilities of association, as, in addi¬ 
tion to peroxides and three ethane forms, 0 - and /^-quinol ethers can 
be produced by combination of aroxyl with the two ketomethyl 
forms: 


O 



In order to study the properties of comjiounds with monovalent 
oxygen it is most convenient to take the aroxyls in which the above- 
mentioned tautomerism is very slight. The phenanthroxyls, which 
will be dealt with first, are very suitable. Then the multinuclear 
dehydrogenation product of o-cresol, which is regarded as an aroxyl, 
will be dealt with. 

DEHYDROPHENOLS will then be described; their reactions 
indicate the existence of tautomerism between the aroxyl form and 
the ketomethyl form. 
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For the intermediate formation of radical peroxides, see Ziegler^ 
Ann. 504, 162. 

For the occurrence of ^^active radicals^' in the electrolysis of phenols 
and carboxjdic acids in liquid ammonia, see Goldschmidty Ber. 64,1744. 
It is necessary to have the solution sufficiently acid. There is trans¬ 
port of the solute from cathode to anode, formation of hydrogen (3 
vol.) at the cathode, and nitrogen (1 vol.) at the anode. It is as¬ 
sumed that the ion of tlie acjid radiijal forms a particularly reactive 
radical after discharge, which dcicomposes the ammonia. Aroxyls 
formed by deliydrogeuation cannot effect this. 

For substances supposed to be aroxyls (“anthoxyls”) which wore first regarded 
as compounds of trivalent (iarbon (oxaiithronyls), but which are not radicals, see 
Scholly Ber. 66, 514; 67, 1919, 1922. 

At the end of this section, nitroso compounds will ho discussed. 
They may be regarded as diradicals with divalent nitrogen and 
monovalent oxygen. 


(a) Phenanthroxyls 

Literature, Goldschmidt, Bor. 55, 3197; Ann. 438, 202; 445, 123. 

Tlic phenanthroxyls are ju'opared by dehydrogenation of 10 -phe- 
nanthrols substituted in tlie 9-position, by means of potassium ferri- 
cyanide (or aqueous alkaline solution) or lead (lioxide, X = —OCH 3 or 
—OCJhy (]1, Br, etc.: 



PROPERTIES. The phenanthroxyls differ from all the radicals 
so far dealt with in the slowness (often several hours) with which 
equilibrium is attained. The comparatively weak (greenish yellow) 
color of 9-alkoxy-10-])}K'nanthroxyls {Goldschmidty Ber. 55, 3205) 
should also be mentioned. 

CHEMICAL PROPERTIES. 1 . Oxygen has very little effect 
on the phenanthroxyls. After many days’ action (preferably in the 
light) 9-ethoxy-lO-phonanthroxyl gives phcnanthraquinone, and 
after some weeks, diphenic acid. 

2 , Reducing agents {e.g., hydriodic acid, hydroqiiinone, or 
hydrazobenzene) react, giving phenols (Ar—0- + H == Ar—OH). 

Hydrazobenzene reacts quantitatively according to the equation: 

2 Ar—0- H-(UL—N(ir}--N(H)-C6Hfa 

2 Ar—on + CelL—N=-N—CJI« 

The reaction can be used for the volumetric determination of the 
equilibrium constant {Goldschmidt^ Ann. 438, 204; see p. 441). 
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S. Bromine converts 9-ethoxy-lO-phenanthroxyl quantitatively 
into phenantliraquinone (Goldschmidt, Ber. 55, 3203). For the 
action of halogens on 9-chloro-10~phenanihroxyl see Goldschmidt, 

Ann. 438, 207. 

4 . Metal ketyls (p. 415) gi\re up their metal atom to phenan- 
throxyls: 

^O-K 

+ Ar,C—0--K I + ArsC==0 


Y 

Ax 


5 . Triphenylmethyl forms a noncrystallizable addition product 
with 9-alkoxy-lO-phenanthroxyls. When hydrolyzed it gives tri- 
phenylmethanol and 9-alkoxy-lO-phenanthrol: 



G (CeTT {,) 3 



+ HO-~C(CeH5)3 


6. Nitric oxide does not react with the phenanthroxyls. 

PHENANTHROXYLS. 9-Methoxy- and 9-ethoxy-lO-phenan- 
throxyl. These compounds are colorless in the dimeric form, m.p. 
(dec.) and res})ectivoly. The color of their solutions is 

at first bright yellowish green, but deepens on standing ((jquilibrium 
is slowly attained in about 2 V 2 hours). The color intensity of a 
freshly prepared solution is only about 0.4 of that of a solution 3 
hours old. Degree of dissociation in A^/100 solution in benzene is 
abdut 37% and G2% for the two compounds. 9-Phenoxy-lO-phen- 
anthroxyl and 9 ,9'-diphenoxy-l(),l()'-diphenanthryl peroxide, color¬ 
less crystals (m.p. 1G6-1G7^, dec.). The colorless solutions in 
chloroform and pyridine become colored pale pink and dark pink, 
respectively, on boiling, in consequence of dissociation. 9-Acetoxy- 
lO-phenanthroxyl and 9,9'-diacetoxy-10,10'-diphenanthryl peroxide, 
colorless crystals, m.p. 208-209^ (dec.); solution colorless, no dis¬ 
sociation detected. 9-Chloro-lO-phenanthroxyl; dimer, colorless 
crystals, m.p. 124-125° (dec.); monomer, deep bluish red flocks, 
which dissolve giving a solution of the same color. Degree of 
dissociation in pyridine (17°, dilution 100 ), 50%. Dissociation 
constant in pyridine, 0.005. For the strong effect of solvent and 
temperature on the velocity and degree of dissociation, see Gold¬ 
schmidt, Ann. 438, 20G. 9-Bromo-lO-phenanthroxyl, dimer, color¬ 
less crystals, m.p. 107-109° (dec.). This compound resembles closely 
the cliloro compound (see above) in properties and degree of dissocia¬ 
tion, but differs from it in the much greater ease of decomposition, 
and by the considerable effect of increase of temperature on the 
equilibrium constant (Goldschmidt, Ann. 445, 127). 


(b) Dehydro-o-cresol 

Literature: Pummerer, Ber. 58,1812; Goldschmidt, Ber. 55, 3194; Ann. 478, 1. 

Many simple aromatic compounds with phenolic hydroxyl groups 
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when dehydrogenated give reaction products which arc highly colored 
in solution. The green to bluish green solution obtained in this way 
from guaiacol behaves as if it contained a radical with monovalent 
oxygen. The dehydrogenation product of e-cresol has been more fully 
investigated. When a solution of o-cresol is shaken with lead dioxide 
a dee]) blood-red (U)lor is produced. Tliis is due to a radical of mono¬ 
valent oxygen, but it is a secondary product. It is very likely that 
the first product is tlie aroxyl, and this reacts with its tautomeric 
ketornethyl form. The following formula has been proposed for the 
blood-red compound: 

CHd2]C6H4[lJ-0--[4dC6H:d2'j(UIdld-0~l4''j(;eTT3l2nCH3[l''j--0-- 

(instead of tlie linkings being in the 4" and 4' positions, they could be 
in the 6" and 6' ])ositions.) In solution the radical is 70-90% in the 
monomeric form. It is very unstable. It is not attacked by atmos¬ 
pheric oxygen, but it rciacts almost spontaneously with hydrazoben- 
zene, phenylhydrazine, and triphenylmethyl, being decolorized. For 
dehydro-p-c.resol, see p. 450, 


(c) Tautomeric Dehydrophenols 

Literature: Pummerer, Ber. 61, 1102 and earlier papers; Vol. Ill of "‘Natur- 
wissenschaftliche” series of “Wissensehaftliche Forschungsborichte,” p. 17; Z. 
angew.Chein. 38, 817. 


A radical which can exist in the aroxyl form and the tautomeric 
ketornethyl form is obtained by deliydrogenation of /^-binaphthol 
(2,2'-dihydroxy-l,l'-binaphthyl) tiirougii tlie intermediate stage of 
hydroxybiriaphthylene oxide: 



(Pumrnerer, Ber. 52,1410). The dimer of tlui radical is the peroxide (I, 
p. 449) obtained from association of two aroxyl molecules. On tlie 
other hand, the tautomeric ketornethyl can give rise to a peroxide (II, p. 
449) by the energetic action of oxygen. 

The difference between the aroxyl form and its dimer (I), and the 
ketornethyl form and its peroxide (II) is that, in regard to its action 
with permanganate, the former is aromatic in character, whereas the 
latter has a ring system with a quinone nucleus. The dehydro com¬ 
pounds of a series of phenols, especially a-substituted jS-naphthoLs, are 
to be regarded at least partly as quinone ethers. Decomposition into 
radicals has not been proved in these cases. Their ease of fission 
with many reagents indicates that the difference is only one of degree 
iPummerer, Ber. 47, 2957; 52, 1392, 1403). 
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PREPARATION of dohydroliydroxybinnplithyleno oxide {Pum- 
merery Ber. 59, 21 ()()). The dehydroj:^eiuiti()n is best carried out in 
dilute ether solution at 0°, with an aqueous alkaline solution of potas¬ 
sium ferrieyanide. 

PROPERTIES. Deliydrohydroxybinaphthylene oxide forms 
brownish yellow crystals (color of the dimer), which form a brown¬ 
ish violet solution. Very dilute (completely dissociated) solutions 
are pure reddish violet. The solutions show an intense blue fluores¬ 
cence, and a characteristic band spectrum. Tliey are very sensitive 
to light and minei’al acids. The solution in nitrobenzene is not a 
conductor (Pwmmcrcr, Ber. 47, 1472; 59, 2166). 

DISSOCIATION. Pummerer has investigated solutions of de- 
hydrohydroxybinaphthylene oxide, and by colorimetric experi¬ 
ments has followed the dissociation of the substance with dilution 
until completely dissociated. The solvent exerts a marked influence 
on the degree of dissociation. There is no connection between the di¬ 
electric constant of the solvent and the dissociation (Ber. 47,1477; 52, 
1418). 

CHEMICAL PROPERTIES. 1 . Spontaneous decomposition. 

Deliydrohydroxybinaphthylene oxide and similar dehydrophenols 
break down according to Wielamrs rule when their solutions are 
boiled (Ann. 401, 234). The first-mentioned compound gives equal 
quantities of hydroxybinaphthylene oxide and binaphthyleno dioxide. 
The decomposition is considerably accelerated by picric acid, and by 
light {Pummererj Ber. 47, 1482, 2962). 

In almost all reactions in solution, dehydrohydroxybinaphtJiylene 
oxide behaves as an aroxyl. It is only in the reaction with oxygen 
that the radical reacts as a ketomethyl. 

Oxygen does not have a great effect on deliydrohydroxybi- 
naphthylene oxide, so that it can be prepared without excluding air. 
When oxygen is passed into it for some time, it forms the peroxide of 
the ketomethyl form {Pummerery Ber. 47, 1479). 

S, Potassium permanganate has no action on a solution of 
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dehydrohydroxybinapbthylene oxide in acetone or pyridine at 
At this temperature the dehydrophenol is completely bimolecular, 
and contains no quinone nuclei. It is then an aromatic peroxide 
{PummereTy Ber. 59, 2166). At higher temperatures the dehydro¬ 
phenol is attacked by permanganate (see p. 449). 

4 . Reducing agents {e.g,, hydroquinone) act on the aroxyl forms 
of the dehydrophenols, re-forming the phenolic hydroxyl group 
(p. 446; Punimerery Ber. 47, 1483; 52, 1409). 

5. Bromine and other halogens do not act on the dehydrophenols 
{PummereVy Ber. 47, 1481, 2961). 

6 . Sodium reacts with dehydrohydroxybinaphthylene oxide 
forming the sodium salt of hydroxybinaphthylene oxide. 

7. Triphenylmethyl reacts with the deb 3 alrophenols forming the 
trityl ethers, according to the equation: 

Ar-0- -f •(UCJl5)3 Ar—0~C(C6H6)» 

(For further details, see PummcrcTy Ber. 47, 2959; 61, 1104.) 

8 . Nitric oxide in chloroform does not rea(‘t markedly with de¬ 
hydrohydroxybinaphthylene oxide, but in benzene and ether it 
reacts at once forming a yellow unstable solution {Pummerery Ber. 
47 , 1485). 

9. Acids react very readily with dehydrohydroxybinaphthylene 
oxide {PummereVy Ber. 47, 1481; p. 449). 

10 . Mutual replacement. Many dehydrophenols can be pre¬ 
pared by the action of phenols on dehydro-(tetrachloro-p-cresol) 
which has a higher oxidation potential {Pummerery Ber. 52, 1404; 
see pp. 400, 416). 

DEHYDROPHENOLS. Dehydrohydroxynaphthalene oxide, 
m.p. 144° (or 149°; see Pummerery Ber. 59 , 2166); for further de¬ 
tails see above. Binaphthyl-?)i6-peroxybinaphthylene oxide, color¬ 
less crystals, intermediate product in the conversion of <3-binaphthol 
into dehydrohydroxybinaphthylene oxide {Pummerery Ber. 59 , 2162; 
61, 1102). Dehydro-2-naphthol (= 2-hydroxy-1,2'-binaphthyl 

ether), colorless crystals, m.p. 196° {Pummerery Ber. 52 , 1406, 1414). 
Dehydro-l-methyl-2-naphthol, formerly known as naphthomethyl- 
enequinone (2-naphthaquinone l-methide), yellow crystals, m.p. 
133-134° {Pummerery Ber. 47 , 2958; 52 , 1403). Dehydro-1-bromo- 
2-naphthol, regarded as a quinone ether, yellow crystals, m.p. 115- 
116° {Pummerery Ber. 52 , 1404). Dehydro derivative of dL(/3-hy- 
droxy-Q:-naphthyI)methane, HO [^] CioHe [a] —CHa— [a'] CioHe [/3'] - 
OH, pale yellow crystals, m.p. 171-172°, regarded as a cyclic qui- 
noue ether {P mum,ever, Ber. 47 , 2958). Dehydro derivative of di- 
(jS-hydroxy-a-naphthyl)-ethane, HO [^3] CioHe [a] —CH 2 —CH 2 — [a:'] - 
CioHe [id']()H, yellow crystals, m.p. 143°, regarded as a cyclic qui¬ 
none ether {Pummerery Ber. 52 , 1392), Dehydro-(tetrachloro-p- 
cresol), formerly regarded as tetrachloro-(p-mcthylencquinone), 
(tetrachloro-p-quinonemethide), yellow cr 3 ^stals (Pwmmercr,. Ber. 
47,2964; 52 , 1401, 1404). Dehydro-p-cresol is a compound with 
none of the characteristics of a radical (Ber. 58 , 1808). 
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X. DIRADICALS WITH DIVALENT NITROGEN 
AND MONOVALENT OXYGEN 

The properties of nitroso compounds lead to the ronclusion that 
they exist in tautomeric equilibrium as follows: 

R-N=0 K-N-O 

I 1 

They can thus be regarded as diradicals with divalent nitrogen and 
monovalent oxygen (Walden, Chem.dor fr.Rad., p. 235; Cwldschmidt, 
Ann. 442, 246). 

The nitroso compounds (including the psoudonitrols, nitrosites, 
and nitrosates) have already been dealt witli clso\vhc]’e. We shall 
here deal v^ith only those properties and reactions which bear on their 
radical nature. 

PROPERTIES. Many nitroso com])ounds are colorless and di¬ 
meric in the solid form, but in the molten state or in solution they 
are blue or green, and have a smaller molecular weight (going down 
to that for the monomer). Heating favors the formation of the mono¬ 
meric, colored form, cooling, the reverse. As early as 1898, Piloty 
(Ber. 31, 220 , 456) recognized that tliis was due to a disso(‘4ation 
process. There is, therefore, an equilibi‘ium 

(UN0)2 2 UNO 

By means of suitable substituents (lai-gi^ aromatic radicals) the equi¬ 
librium. can be displaced so far to the right that the nitroso compounds 
are colored even in the solid state. There are, therefore, many 
analogies with the well-known phenomena of radical chemistry. For 
determinations of molecular weights of nitroso compounds in solution, 
see Schmidtf Ber. 33, 875; Bambergery Ber. 34, 3877; Piloty, Ber. 35 , 
3100, 3114, 3116; Schmidt, Ber. 35, 2323, 2336; Bamberger, Ber. 36, 
689. 

CHEMICAL PROPERTIES. See Goldschmidt, Ann. 442, 246. 
1. Spontaneous decomposition. The nitroso compounds break 
down according to WielaruVs rule (Ann. 401, 234). Thus nitroso- 
benzene (in benzene solution) slowly breaks down into nitrobenzene 
and azoxybenzene, among other substances. The decomposition is 
accelerated by light {Bamberger, Ber. 35, 1606). 

Nitric oxide converts nitrosoaryls into diazonium nitrates 
probably according to the equation: 

Ar—N—0-> Ar—N—O-> Ar—N-H 

II II l| I 

NO NO NO NO 

S. Triphenylmethyl reacts in a very complicated manner with 
nitrosobenzene, though it can be said that addition first takes place 
{Goldschmidt, Ann. 442, 247). 

Jf.. Hydrazobenzene from which hydrogen is withdrawn with 
radicals containing divalent nitrogen and monovalent oxygen, 
undergoes a completely analogous dehydrogenation with nitroso¬ 
benzene: 
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CelL—N—O + CflIT6(H)N—N(TI)C«H6 v 


CeHfiNHCOH) + CflH6N=NC«H6 


XI, ORGANIC RADICALS WITH TRIVALENT 

SULFUR 

When a solution of triethylsulfonium iodide in liquid ammonia is 
electrolyzed, there* is no blue coloration round the cathode (as in the 
case of teti’aethylaiiimonium iodide), but the addition of dimethyl- 
pyrono gives a yellow coloration, and a red substance separates. 
Azobenzene produceis a brown coloration, and tetraphenylethylene a 
pale pink color. These all indicate that triethylsulfonium exists in 
the liquid ammonia {Schlubachj Ber. 56, 1894). 


XIL ORGANIC RADICALS WITH MONOVALENT 
SULFUR (THIYLS) 

The methods of formation and reactions of the diaryldisulfides have 
already been dealt with, and it has been pointed out that the binding 
between the sulfur atoms in these substances must be very loose. 
Schofiberg (Ber. 66, 1932) has found that diphenyl disulfide and bis- 
(thio-a-naphthoyl) disulfides decompose in solution to form radicals 
with monovalent sulfur (known as phenylthiyl and thio-a-naphthoyl- 
thiyl): 

CeFTsS—SCel'h z=:± 2 CeHt—S— 

C.oHz—O—S--S-C--C10H7 ;=± 2C10H7--C—S— 

S S I 

PROPERTIES. Diphenyl disulfide is colorless in the solid form, 
but becomes yellow when melted or dissolved (Schonberg^ Ber. 48, 
525; 66, 1940), Bf.s- (thio-a-naphthoyl) disulfide is red in both the 
solid and dissolved states (Houben, Ber. 39, 3230; Schonberg^ Ber. 
65, 1864; 66, 1940). Solutions of these compounds do not obey 
Beefs law, and are strongly thermochromic. So far it has not been 
possible to confirm the existence of the radicals in solution by molec¬ 
ular weight determinations, since at the concentrations used in 
cryoscopic measurements the dissociation is too small. Solutions of 
bfs-(thiO“a-naphtiioyl) disulfide in naphthalene do not conduct the 
electric current (at 100°). 

For the method of testing Beefs law by an improved method due to 
Ruppf see Schdnbergy Ber. 66, 1941. 

CHEMICAL PROPERTIES. 1, Spontaneous decomposition. 
Diaryl disulfides break down according to Wieland’s rule (Ann. 401, 
234) into diaryl monosulfides and diaryl trisulfides {Ilinsberg^ Ber. 
43, 1874). 
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Triphenylmethyl adds on to phenylthiyl forming triphenyl- 
methylphenyl sulfide {Schonherg^ Ber. 66, 242): 

(CflH6)aC- + -S—CeHt ;?==± (CeH.),C—S—CeH. 

3. Metal ketyls give up their metal atom to thiyls (see p. 447): 

Ar—S— 4- Ar^C—0—Na ;==± Ar—S-Na + Ar^C^O 

4 * Diphenyldiazomethane reacts with phenylthiyl in the same 
way as diazomethane reacts with triphenylmethyl (p. 398): 

2 CeHs—S—-f N2-=C(CeH5)2 N, + (C6H^S)*C(C«H0* 

5. Heavy metals (zinc, silver) add on to thio-a-naijhtlioylthiyl 


CioH7—C(=S)-S~ + Ag C,oH7--C(-=S)-^S-Ag 

6 . Atmospheric oxygen has no effect on the thiyls. 

DIARYL DISULFIDES. Diphenyl disulfide, m.p. 60-62° (Ber. 
48, 525). j525-(thio-Q!-naphthoyl) disulfide, m.p. 169° {Houberiy 
Ber. 39, 3230). o,o'-Biphenylene disulfide, yellow crystals, m.p. 
114.5° (Schwechter^ Ber. 65, 1608). The yellow solutions of this com¬ 
pound obey Beer's law {Schonhergy Ber. 66, 1934, 1941), which is to 
be expected, since the formation of the diradical produces no change 
in the number of molecules, and hence the law of mass action indi¬ 
cates that the position of equilibrium is independent of concentration. 
This holds for all diradicals in which the change of valence is within 
the molecule. 








XIII. ORGANIC RADICALS WITH TETRAVALENT 

CHROMIUM 

Literature: Hein, Ber. 59, 362; 61, 2255. 

When tetraphenylchromium iodide, (C 6 HB) 4 CrI, is electrolyzed in 
liquid ammonia, orange-red tetraphenylchromium, (C 6 HB) 4 Cr, sepa¬ 
rates in the pure state. Since the pentavalence of the chromium in 
the comparatively stable tetraphenylchromium salt can be regarded: 
as proved (Ber. 54, 2708), tetraphenylchromium appears to be a 
radical with a tetravalent central atom. The compound has been 
shown to be completely monomolecular when dissolved in pyridine 
{Heiriy Ber. 61, 2257). In the preparation of tetraphenylchromium, 
the presence of air, light, and moisture must be avoided. Even 
when kept over concentrated sulfuric acid in a vacuum, the compound 
undergoes considerable decomposition overnight. In air, tetra¬ 
phenylchromium immediately becomes tarry, turns dark, and begins 
to smell of diphenyl. The solution in pyridine is stable in the dark if 
kept under nitrogen. Water converts tetraphenylchromium into 
tetraphenylchromium hydroxide {Hein, Ber. 59,363). 
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Triphenylchromium, a brownish yollow sul)stance, has been ob¬ 
tained in a similar manner to tetraphcnyh’hromiiim {Hein, Ber. 61, 
2255). Althouj 2 :h this compound appears to be completely normal 
from the point of view of valence, it has the nature of a radical (expla¬ 
nation, Hein, Ber. 61, 2256), and is oven more unstable than tetra- 
phenylchromium. Water converts it into triphenylchromium hy¬ 
droxide. 


XIV. ORGANIC RADICALS OF ELEMENTS 
IN THE THIRD VERTICAL SERIES 
OF THE PERIODIC SYSTEM 


(a) Boron 

In comparison with tlie behavior of the aluminum alkyls (p. 450) it 
is remarkable that the boron trialkyls show no tendency to associate, 
while boron hydride, H 3 B — BII 3 , even shows a tendency to dissociate 
(Stock, Ber. 56, 798). Boron occurs in hornopolar compounds in both 
the trivMent and tlie tetravalent state, and, on the basis of the com¬ 
position of hydrofluoboric acid, HBF 4 , and its salts, also occurs in the 
pentavalent state in hcteropolar comi)ounds. Diborane, B 2 H 6 , has 
been foimulated as a heteropolar compound with pentavalent 
boron (see Wiherg, Z.anorg.Cliein. 173, 199; Stock, Hydrides of 
Boron and Silicon, Ithaca, 1933, pp. 158 IT.). Organic compounds 
of this type are known. They are tlie complex boroT) alcoholates, of 
which the first member, sodium boron ethylate, Na[B(OC 2 HB) 4 ], was 
discovered by Copaux (G.r. 127,719) (see Meerwein, Ann. 476,113, and 
Bdeseken, Koninkl.Akad.Wetenschappen Amsterdam 33, 23; Rec. 
44, 758). On this basis, heteropolar compounds with tetravalent 
boron, siicK as those prepared by Krause (Ber. 57, 216; 59, 777; 61, 
271; 63,934; 64,2112)—the compounds of the tripheiiylboron sodium, 
Na[B(C 6 HB) 3 ], type—appear to be radicals. Since these compounds 
conduct the electric current, they are to be regarded as salts, in which 
the anion has the nature of a radical, as the following comparison 
shows: 


Na[BAr,] Na[B(OR)4l Na[BF4] 

Triarylboron sodium sodium boron alkylate Sodium borofluoride 

Radicals containing tetravalent boron are, therefore, analogous to 
the aminium salts (p. 431) with the difference that with the latter 
it is the cation, and not the anion, that has the characteristics of a 
radical. Triphenylboron sodium resembles very closely triphenyl- 
methyl sodium in its method of formation (from triphenylboron and 
sodium), and in its properties. This challenges a comparison between 
triphenylboron and triphenylmethyl (Krause, Ber. 57, 217). In this 
connection it is of interest to note that the colorless boron triaryls are 
sensitive to oxygen (Krause, Ber. 55, 1263), and tend to form molec- 
vdar compounder They do not tend greatly to associate (Krause^ 
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Ber. 63,2347). Sodium adds on to boron triaryls and boron tribenzyl, 
but not on to boron tiialkyls and boron tricyclohexyl {Krause, Ber. 
61, 271; 64, 2112). Other alkali metals also add on to boron triaryls. 

PREPARATION. The combination of boron triaryls with alkali 
metals is carried out in ether in an atnA)sphere of nitrogen (for tech¬ 
nique, see Krause, Ber. 59, 77S). 

PROPERTIES. The compounds of the alkali metals with tri- 
phenylboron are orange-yellow, though the lithium compound is 
greenish yellow. Like triphenylmethyl sodium (though to a lesser 
degree) tri phenyl boron sodium cojiductsthe electric current in ether 
solution. It is not affected by light. 

CHEMICAL PROPERTIES {Krause, Ber. 59, 777). L At¬ 
mospheric oxygen reacts very readily with the borontriaryl alkali 
metals. 

2. Iodine reacts quantitatively with trijdienylboron sodium ac¬ 
cording to the following equation: 


2 (Cell,Id}—Na + L 2 (CelTdaB + 2Nal 


3. Mercury (in exc,ess) acts on triplienylboron sodium with 
formation of triplumylboron and sodium amalgam. The reaction 
may, however, be reversed by the use of a concentrated sodium 
amalgam (about 2.9% Na): 

-f Tig NalTg + (C6H5)3B 

4 . “ Triphenylmethyl withdraws the metal atom from triphenyl- 
borylsodium. 

5. Triphenylmethyl chloride forms triphenylmethyl with tri- 
phenylboron sodium, and the triphenylmethyl tlien reacts with un¬ 
changed triphenylboron sodium as in 4 above. 

8 . Ethyl bromide reacts imimHiiately with triphenylboron sodium. 

7. Carbon dioxide also reacts immediately with triphenylboron 
sodium. 

8 . Ether combines with the triphenylboron alkali metals in part 
(in the case of Nji and Li) to form the very stable ether compounds, 
e,g., (€ 0115 ) 311 —Na, (€ 2115 ) 20 . The latter compound loses its ether 
completely at 180*^, the original orange-ycllow’ color becoming pale 
lemon-yellow (the ether (jompounds are generally more highly colored 
than the ether-fj’ee compounds). In the formation of triphenylboron 
sodium the use of etlier is not absolutely necessary. It can often be 
replaced by benzfme. 

9. Thermal decomposition. When triphenylboron cesium is 
heated to 240“250° in a vacuum, the compound is completely decom¬ 
posed, benzene Ix^ing split off {Krause, Ber. 59, 785). 

TRIARYLBORYL ALKALI METALS. The compounds of all 
the alkali metals with triphenylboron have been obtained analyti¬ 
cally pure { Krause, Ber. 59, 780 ff.). The sodium compounds of 
tri-p-tolylboron, tri-p-xylylboron, tri-a-naphthylboron, tri-p-anisyl- 
boron, and tribenzylboron have not been obtained in the solid state. 
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(b) Aluminum 

Just as the halides of aluminum (and iron) are classic examples of dissociable 
compounds, an equilibrium is supposed to exist in the case of the aluminum 
alkyls: 


RaAl—AlR, ;=± 2 AIR, 

The aluminum alkyls are very sensitive toward atmospheric oxygen (spontane¬ 
ously inflammable), and hence “it is possible to conclude that trivalent aluminum 
is unsaturated, and to assume that tetravalent aluminum can exist” (TTa/den, 
Chem.dor fr.Rad., p. 270). For the molecular weight determinations of alumi¬ 
num methyl and ethyl, which have been carried out by many workers by different 
methods, see Quincke^ Ber. 22, 551; Z.physikal.Chem. 3, 164. For existence of 
subsidiary valences in the aluminum triaryls, see Krause, Ber. 63, 2401. 
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Acedicone, 360 
Aceriaphthaquinoline, 247 
Acenaphthene, 86 
Acenaphtheiieindoleindigo, 70 
Acenaphthophenazine, 306 
Acoiiaphthoquinoxalinc!, 306 
Acenapliihotriazolo, 152 
Acetamidofuroic acid, 17 
Acetarnidothiophene, 26 
Acetoacetylinethylisoxazole, 120 
Acetoacetylpyridine, 213 
Acotoacetylquinoline, 234, S41 
Acetone o-xylylenemercaptal, 327 
Ace tony Iphthaliniide, 230 
Acetothionone, 27 
Acetoxybenzofuran, 67 
Acetoxyphenanthroxyl, 447 
Acetylbonzofuran, 53 
Acetylbenzotriazino, 320 
Acetylcarbazole, 87 
Acetylcarbostyril, 240 
Acetyldibenzofuran, 85 
Acetyldihydroieoindole, 85 
Acetyldimethylbenzimidazole, 134 
A cetyldirnethy Undazolo, 115 
Acetyldimethylpyrrole, 33 
Acotyldimethylpyrrolocarboxylic acid, 33 
Acetylfuraii, 19 
Acetylhydroxybenzofuran, 18 
Acetylindazole, 115, 117 
Acetylindole, 62 
Acetylindoxyl, 69 
Acetylisatin, 75, 76 
A cetyl isorosin dulirie, 315 
Acetylmethyldioxopyrancarboxylic acid, 
178 

Acetylmethylpyrandione, 178 
Acetylinethylpyrrolo, 33 
Acotylmethyltliiapyran, 193 
Acetylphenoxazine, 275 
Acetylphthalazone, 287 
Acetylpicoliiie, 212, 218 
Acetylpiperidine, 222 
Acetylpyrazole, 92 
Acetylpyridine, 212 
Acetylpyrrocoline, 268 
Acetyl pyrrole, 31, 34, 36 
Acotylquinaldine, 240 
Acetylquinaldine oxime, 236 
Acetyltrimethylpyrrole, 35 


Aconitine, 383 
Aconitum species, 383 
Acridane, 260 

Acridine, 242, 256, 258, 260, 262, 264 
Acridineacrylic acid, 259 
Acridinebenzoic acid, 260, 261 
Acridinecarboxaldehyde, 259 
Acridinecarboxylic acid, 75, 258, 259, 280 
Acridinepropionic acid, 260 
Acridine yellow, 260 
Acridinic acid, 241, 24'2, 258 
Acridone, 257, 258, 259, 201, 262 
Acriflavine, 258, 200 
Acylbenzofuranol, 55 
Adenine, 290 

Aldehydecollidine, 198, 205 

Aldines, 296 

Alizarin blue, 227, 2JiS 

Alizarin blue-green, 248 

Alizarin blue S, 248 

Alizarin goranol B, 296 

Alizarin green, 248 

Alizarin indigo blue, 248 

Alkylainmonium radicals, 427 

Alkylcyanoquinoliniuin iodide, 231 

Alkylcyanoquinolones, 231 

Alkyldihydrocinchoninic acid nitriles, 231 

Alkyls, 411 

Alkylthiotetramcthylpiperidine, 223 

Allantoin, 124 

Allional, 108 

Allopseudocodeine, 360 

Alloxan, 290, 302 

Alloxanthine, 290 

Alloxantin, 419 

Alloxazino, 291 

Alloyohimbio acid, 382 

AUoyohimbine, 382 

AUylaminoraethyldihydiooxazine, 272 

Allylaniinothiatriazole, 169 

Allylbutylonepseudourea, 272 

Allylindole, 65 

Allylmethyltotrahydroquinolinium hy¬ 
droxide, 245 

Allylpentamethylenethiourea, 142 
Allylpiperidine, 221, 224 
Aluminum ethyl, 456 
Aluminum methyl, 456 
Amarine, 126, 128, 130 
Ambrettolido, 4 
Araidines, cyclic, 124, 131 
Arninium salts, 425, 431 


* Italicized numbers represent paf;:e8 on which properties of the compound are 
given. Roman numbers indicate pages on which the compound is mentioned. 
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AminoacridinD, ^i*9, 260 
Aniijioantipyrine, 107 
AiniiiOaposafranono, 313 
Amin ohen ziaothi azole, 124 
Aminobeiizophexiazine, SOtS, 309 
Aniiiiobenzothiazole, 144, 
Arainobonzoxazole, 139 
Amiiiocarbazole, 87 
Aminocarbostyril methyl ether, 217 
Aminoeinchoniiiie acid, 241 
Aminooytisine, 349 
Arninodi chloropyri rn i d i n e, 291 
Aminodicthyltriazolc, 150 
Aminodihydrobenzofu ran, 54 
Ami nodimethyltri azole, 147, 156 
Arninodiphenyltriazole, 166, 325 
Aminodipicolinic acid, 207 
Aminoethj'lindole, 68 , 260 
Aminoethylpyridine, 212 
Amirioflavono, 188 
Aminofuran, 17 
Aminoguanazole, 159 
Aminohydroeyanuride, 318 
Aminohydroxypyrimidiue, 288 
Aminohydi‘Oxyqiiinolinea(!etic acid, 243 
Aminoimidazolepropionic acid, 128 
Aminoindazole, 116, 321 
Aminoindole, 66 
Aminoindolepj’opionio acid, 07 
Aniinoisomcotinic acid, 215 
AininoisonitroHoisoxazolone, 121 
Aminoisoquiiioline, 253 
AminoiBoroaindoiio, 313 
Arninolepidine, 237 
Aminolepidono, 239 
Aniiiiolutidinc, 208, 209 
Aminolutidinecarboxylic- acid. 208 
Aminolutidiriedicarboxylic acid, 217 
Amiiiomaleimide, 284 
Aminoinandelic acid lactam, 73 
Aminomethylimidazole, 128 
Aminomethyliinidazolothiol, 128 
Aminomethylindole, 66 
Aminomethyloxazoline, 138 
Aminomethylphenyltriazole, 150 
Aminomethylpyridine, 207 
Aininomethylthiazole, 141 
Aminomethylthiazolecai'boxylic acid, 141, 
IjS 

Aminomethyltri azole, 156 
Aminomethyluracil, 97 
Aminomorpholino, 273 
Aminoriaphthotliiazole, 146 
Amiuonicotinic acid, 207, £14, 216, 217, 
267, 269 

Arninonitrobenzisoxazole, 122 
AminoOxazoline, 138 
Aminooxindole, 7£, 75 
Aminopheiianthrotriazine, 320 
Aminophenazine, 305, $08, 309 
Aminophenazinol, 309 
Aminophenazothioniiim chloride, 280 
Apainophenothiftzime, 279, £80 


Aminophonothiazine, 279, £80 
Amirioplieiioxazimo, 270 
yVmiiiophenoxazono, 310 
Aniinophenylaniiiioacridine, 269 
Ammophenylbenziinidazole, 133 
Aminophonylindole, 06 
Amiuophcnylmethylbenzothiazole, 144, 
145 

Aniinoplieiiylincthylpyrazoloiic, 105 
AininophenylmcthylqainoHne, 233 
Aminophenylphenaziiiium chloride, 310 
Aminophenylpjmdine, 205 
Aminopheriylquinoline, 230 
Aminopheny It etr azol e, 172 
Aminophenj’ltotrazolccarboxylic acid, 172 
Aminophonylthiadiazole, 166 
Amiiiophonyltliiazinone, 322 
Aminopheny] thiazole, 141 
Aminoi>heny]triazolo, 130, 166 
Aminophenyltriazolecarboxylic acid, 151, 
157 

Aminophenyltiiazoledicarboxjdic acid, 149 
Aminopicoline, 207 
Amiuopicolinic acid, 207, 207, 268 
Aminopiperidinc, 221 
Arninopyrazole, 96, 97, 107 
Atninopyrozoledicarboxylic acid, 97 
Aminopyridinc, 31, 198, £07, 209, 214 
207,2GS, 209, 338 
Aminoi>yrimidiric, 288, 290 
Am ii ioj>y ri mi din edi ol, 290 
Aminopyrimidinetriol, 290 
Arniiiopyriinidol, 290 
Arninopyrimidone, 290 
Aminopyrrole, 34 
Amiijoquinaldino, 236 
Aminociuinazulunc, 294 
Aminoquinoline, 235, £36, 237, 239, 202, 
263, 205, 355 

Aminoquinoliniiim bases, 230 
Aminoquinolinol, 240 
Aminoquinoxalinecarboxylic acid< 302 
Auiinostryclmino, 381 
Aminotartrazinogenic acid, 110 
Amiuotetramethylpyrrolidine, 60 
Aminotetrazole, 170, 172, 173, 291 
Aminotetrazotic acid, 172, 291 
Aminotliiadiazole, 167 
Aminothianaphthenecar boxy lie acid, 59 
Aminothiatriazole, 169 
Aminothiazole, 140, 14 I 
Aminotliiazolecarboxylic acid, 142 
Aminothiazoline, 142 
Arninothiophene, 26 
Aminothiopyrimidol, 290 
Arninotriaziiie, 318 
Aminotriazinediol, 319 
Aminotriazole, 148, 155, 166, 287, 291, 
324, 325 

Aminotriazolecarboxylie acid, 156, 167, 
326 

Aminotriazoledicarboxylic acid, 166, 167, 

326 
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AminotrimothyIpiperidine, 223, 
Aminotriiriothylpyrazole, 97 
Aminourazole, 159 
Aminovalerolactam, 49 
Arnrnelide, 319 
Amineline, 319 
Ammoiichclidonic acid, 217 
Anagyrine, 349 
Anagyris foetida, 349 
Angostura bark, 350 
Aiilialamine, 357 
Anhalonidino, 357 
Anhalonine, 357 
Anhalonium species, 357 
Anhydroatropine, 341 
Anhydrocotarnineacetone, 367 
Anhydroecgoiiine, S4S, 346 
Anhydrolupinine, 339 
Anil, 78 

Anilinoaposafraninc, 312 
Anilinoazacyciohendecanedione, 328 
Anilinobenzothiazole, 145 
Anilinodiphenylthiadiazolin o, 100 
Aiiilinornethylthiazoline, 142 
Anilinophenazothioniurn chloride, 280 
Anilinopheiiyliaoquinoline, 252 
Auilinophenyltriazole, 150 
Aniliuopyridine, 207 
Anilinopyriiie, 107 
Aniliaopyrrole, 31 
Anilinoquinolinc, 236 
Anilinothiadiazole, 106, 108 
Anilinotriazole, 150 
Anilinotriazolecarboxylic acid, 150 
Aniluvitoninic acid, 228, 
Anisylbiphenyleneinethyl, 404 
AnisylOuorcnyl, 404 
Aiiisyltetrazole, 172 
Anthocyaiiidina, 182 
Anthocyans, 182 
Anthoxyls, 440 
Anthradiisoxazolo, 122 
Anthraisopyridino, 256 
Anthranil, 121, 139 
Anthrapyridiiie, 248 
Antlirapy ridiiiCQuinone, 248 
Anthraqihnoline, 247, ^40 
Aritlira(iuinoMeazinc, 300 
Anthracininoriepyrimidiiie, 290 
Antliraquinonepyriinidone, 290 
Anthrathiazole, 145 
Anthrazine, 306 
Anthrazinetetrone, 300 
Anthrisoxazolono, 122 
Anthroxanic acid, 73 
Antimony cacodyl, 444 
Antipyrine, 91, 98, 105, 106, 107, 108 
Antipyrine chloride, 97, 106, 107 
Antipyrylurea, 108 
Apigenidin chloride, 182 
Apigenin, 187 
Apiin, 187 

Apoatropine, 340, S 4 I 


Apocinchene, 355 

Apocyanine, 231, 235 

Apomorphine, 249, 250, 250, 369, 309 

Apomorphiue dimethyl ether, 370 

Apophyllcnic acid, 215, 307, 369 

Apoquinene, 355 

Apoquinino, 352 

Aposafranine, 312 

A posafranine bromide, 313 

Aposafranine chloride, 310, 314, 315 

Aposafranone, 313 

Aposafranone chloride, 311 

Apoyoliimbine, 382 

Arcanol, 242 

Areca catechu, 332 

Arecaidine, 220, 331, 332 

Arecaiuo, 331 

Arecolidine, 332 

Arccolino, SSI, 332 

Argochrom, 281 

Aroxyls, 408, 445 

Arsanthrene, 317 

Arsanthrenc dichloride, 317 

Arsanthrenic acid, 317 

Arsenopyridine, 208 

Asthma remedies, 336 

Atophan, 242 

Airopa helladonna, 340 

Atropamiiie, 3<11 

Ati opine, 127, 329 34 O 

Atrosciue, S 40 , 344 

Atroxindole, 72 

Azabicyclononane, 269 

Azabicyclooctano, 369, 270 

Azetidine, 13 

Aziinidobenzeiio, 148, 151 

Aziinidotolucne, 151 

Azodiphenylene, 305 

Azodiphciiylrnotliano, 327 

Azo dyes, 141 

substantive, 85, 133 
Azoindazole, 116 
Azolcpidine, 237 
Azopheiiino, 311 
Azoquiiioline, 237 
Azosulfime, 89, 105 
Azotetrazole, 173 
Azoxime, 6, 89, 160, 162 
Azoxole, 89 
Azthiole, 89 
Azuhnic acid, 14 

B 

Banisteria caapi, 377 
Banisterine, 377 
Barbery, 308, 372 
Barbital, 108 
Barbituric acid, 19, 290 
Basicity series, 400 
Basie blue, 312 
Baudouin reaction, 19 
Beckmann rearraiigementt 139 
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Belladonin^, 340, 34J 
Bellatropine, 341 
Bensacridine, 267, ^69 
BeniKacridinecarboxylic acid, 269 
Benzacridone, 262 
Benzaldiac^toneamine, 223 
Benzamidodimethyltriazole, 147 
Benzanthronequinoline, 248 
Benzazirnide, 116, 331 
Benzazimidol, 162 
Benzeneazohydro5cypyrazole, 104 
Benzeneazoindazole, 113, 116 
Benzeneazolutidine, 208 
Benzilam, 137 
Benzil dipotassium, 419 
Benzilic acid rearrangement, 146 
Benzilotropeine, 341 

Benzimidazole, 126, 128, 131, 132, 133, 
134 

Benzimidazoledicarboxylic acid, 134 
Benzirnidazolepropionic acid, 132 ,134 
Benzimidazoline, 136 
Benzimidazolone, 136, 139 
Benzimidazolone anil, 136 
Benzimidazoquinazoline, 133 
Benzindole, 85 
Benzindoledione, 77 
Bonzindonc, 313 
Benzindoxylic acid, 86 
Benzinduline, 312 
Benzisoquinoline, 266 
Benzisothiadisizole, 169 
Benzisothiazole, 123, 134 
Benzisothiazolecarboxylic acid, 124 
Benzisothiazolone, 124 
Benzisoxazole, 121, 133 
Benzisoxazolone, 121 
Benzobisdiazine, 300 
Benzobisimidazolo, 134 
Benzobisthiazole, 146 
Benzocarbazole, 87, 88 
Benzocinnoline, 283, 387, 305 
B^zocinnoline oxide, 287 
Benzodiazepinedione, 326 
Benzodiazine, 291, 299 
Benzodifuran, 62, 66 
Benzodioxane, 270 
Benzodioxoledicarboxylic acid, 369 
Benzodipyrimidine, 296 
Benzoflavine, 260 
Benzofuran, 7, 61 ff,, 62, 63, 64, 61 
Benzofuranoarbamic acid ester, 63 
Benzofurancarboxylic acid, 63 
Benzofuran dibromide, 63 
Benzofuran dichloride, 53 
Benzofurandione, 63, 66, 66 
Benzofurandione dimethylaminoanil, 65 
Benzofuranol, 55 
Benzofuranone, 53, 64, 65 
Benzofuranone oxime, 54 
Benzofuranthianaphthene indigo, 56 
Benzofurazan, 161 
Benzofuroxan, 161, 162 


Benzofuryl methyl ketone, 63 
Benzomorpholine, 274 
Benzomorpholone, 274 
Benzonaphthofuran, 86 
Benzophenanthridine, 10, 265 
Bonzophenanthridone, 264 
Benzophenazirne, 312 
Benzophenazine, 301, 304, 306 
Benzophenazine oxide, 309 
Benzophenazinol, 309 
Benzophenazothionium sulfate, 281 
Benzophenone sulfide, 194 
Benzophenone sulfone, 194 
Benzophenothiazine, 279 
Benzophenothiazone, 281 
Bonzophenoxazime, 277 
Benzophenoxazine, 274 
Benzophenoxazone, 276, 377 
Benzopiperazone, 287 
Benzopyran, 180 
Benzopyranol, 181, 184 
Benzopyrazolonc, 117 
Benzopyridacridine, 262 
Benzopyridazine, 285 
Benzopyridine, 249 
Benzopyrimidine, 289, 291, 393 
Benzopyrone, 51 186, 187 
Benzopyrrole, 61, 85 
Benzopyrylium chloride, 182 
Benzopyrylium compounds, 180 
Benzoquinazoline, 296 
Benzoquinoline, 10, 205, 213, 214, 347, 
248 

Benzoquinolinequinone, 248 
Benzoquinolinol, 247 
Benzoquinoxaline, 300 
Benzoquinoxalinedio], 302 
Benzoselenadiazole, 169 
Benzothiadiazole, 168 
Benzothianaphthene, 61 
Benzothiapyraii, 194 
Benzothiazine, 277 
Benzothiazinone, 278 
Benzothiazole, 133, 143, 144 ,146 
Benzotliiazolecarboxylic acid, 146, 278 
Benzothiazolethiol, 145 
Benzothiazoline, 143 
Benzothiazolol, 146 
Benzothiophene, 31,66 
Benzotrieizine, 320 
Benzotriazinethione, 321 
Benzotriazole, 148, 161, 162 
Benzotriazolol, 152 
Benzotriazone, 321 
Benzotrifuran, 62, 66 
Benzoxanthene, 192 
Benzoxazine, 10, 272, 274 
Benzoxazinedione, 273 
Benzoxazinone, 271 
Benzoxazole, 133, 138, 139 
Benzoxazolecarboxylic acid, 139 
Benzoxazolethiol, 139 
Benzoxazolol, 139 
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J^enzoxazoloiie, 139 
Benzoxazcme, 274 

Benzoylaminoindoloacrylic acid lactone, 
08 

Benzoylanthranilic acid, 02 
Beiizoylbetizofuran, 51, Jd 
Benzoylbenzoxazole, 139 
Benzoylhenzoxazoloiie, 139 
Bcnzoylcaibazole, 87, 202 
Benzoy Icon iiiio, 333, 38//. 
Benzoyidihydroquinaldinic acid nitrile, 
231 

Benzoyleogonino, 344 
BonzoyJencurea, 290 
Benzoyl f man, 19 
B(aizoylindazo](\ 115, 117 
Bcrizoyliiidole, ()2. 0‘5, 00 
Bonzoylindoline, 7) 

Benzoylisatin, 75 
Benzoylisonicotinle ju*id, 213, 215 
Ben zoy] nicotinic acid, 215, 250 
Benzoylnitroindazole, 114 
Benzoyl phony] imidazole, 127 
Benzoylpicolinic acid, 213, 315 
Benzo\’lx)iperidine, 205, 220, 232 
BenzoylpHtmdotropino, 345 
Bcnzoyli)yrazole, 92 
Bcr’zovlpytidine, 205, 212, 2t3 
Jietizo., ipyridinium, 204 
B'Mizoylpyirolo, 31, 30 
Bonzoylpyn olidine, 48 
Bonz()yl<4m9i..Jdiiie, 240 
Benzoyloninoliue, 241 
Bonzo' il-v'truhydroiaoquinolinc, 255 
Benzo./rtetrahydroquinoUno, 244 
Benzoyltriazole, 148 
Benzylacridine, 259 
Benzyldihydroacridine, 200 
Benzyldihydrobenzotriazino, 321 
Benzyldihydroisoqiiinoline, 2^54 
Beiizyldimethylpyrazoliuin iodide, 90 
Benzyldipheiiyldihydropyrazinc, 298 
Benzylenobenziinidazole, 134 
Beiizylhydro(;otariiine, 308 
Benzylidcneaiumotriazole, 150 
Benzylidenebenzofiiranone, 55 
Benzylidenobisindazolo, 114 
Benzylidonccinchoineronide, 237 
Benzylidenccoumaranone, 180 
Benzylideiiedilepidine, 233 
Benzylideriediquinaidino, 233 
Benzylidenelepidine, 233 
Benzylidcnolevulinic acid oxime anhy¬ 
dride, 271 

Bonzylidenemethyldihydroiiyridine, 205 
Ben zy li de n e r net h y lisoxaz ol o ne, 121 
Beuzylidoneoxindole, 73 
Bcnzylidenephenyliaoxazolonc, 121 
Benzylidenepyrazolone, 104 
Benzylidenequinaldinc, 233 
Bonzylidenethianaphthenone, 58 
Benzylindazole, 115 
BenzylisoauiuoUne. 252 


Benzyloxazolc, 139 
Benzyloxytriphonylmetlyyl, 403 
Benzylphenylmethylpyi azolono, 106 
Benzylphthalazine, 280 
Benzylphthalazoiio, 287 
Beiizylpiperidino, 221 
Benzyipiperidiiie oxide. 222 
Benzylpyridine, 205, 213 
Bonzylpyridinediol, 210 
Benzidpyridinium, 204 
Benzylpyridiniurn chloride, 205 
Benzylpyrrole, 31, 201, 205 
Benzyl pyrryl ketone, 30 
Benzylquinazolone, 294 
Bcrberal, 372 
Berberinal, 372 

Berbcrine, 210, 250, 25(), 329, 309, 

374 

Berboriniiim hydroxide, 372 
Borborinol, 372 
Berheris vul(jaris, 308, 372 
Berberonio acid, 210 
Borbenibin, 374 
Betaine, 13 
Biacridino, 203 
Bi benzimidazole, 134 
Bibcnzindolone, 85 
Bibenzofurandione, 55 
Bibenzofuranone, 55 
Bibenzothiazole, 145 
Bidiphenylvinylxanthyl, 400 
Biimidazole, 127 
Biimidazoline, 130 
Biindolinedione, 84 
Biindolyl, 83 
Biindoxyl, 83 
Bilepidono, 239 
Bilimbic acid, 38, 39 
Bilirubin, 33, 39 

Binaphthylbisperoxybinaphthylono oxide, 
450 

Binaphthylcne dioxide, 449 
Bioxindole, 84 

BiphenylenebiBdibiplienylylrnetiiyl, 413 
Biphenylenobisdiphenylmethyl, 412, 413 
Biphenylene disulfide, 453 
Biphcnyleiie oxide, 85 
Bipheiiylenetriphcnylethyl, 409 
Biphenylinethylpyrazolone, 105 
Biphenylylbiphonylenemethyl, 406 
Biphonylylfluorenyl, 405 
Bipsoudoindoxyl, 78 
Bipyridine, 205, 200 
Bipyridinedicarboxylic acid, 205 
Bipyridinetetracarboxylie acid, 206 
Bipyrroyl, 36 
Biquinoline, 233 
Bisanisylfluorenyl, 404 
BisaryImercapton itrogens, 443 
Bisbiphenylenobisphenyloxadiazolo- 
iithane, 400 

Bisbipheuylylfluorenyl, 405 
Biadianisyldibi phenylenehydrazine, 438 
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Bisdiazoacetic a<nd, 324, S'Ji/i 
BisdicWoropheiiyidibipheiiyleiiehydra- 
zine, 438 

BisdiethylarainotetraphoiiylLydraziiie, 

436 

Bi 8 dimethvlaminophoD 3 dacetylhydrazyl, 

441 

Bisdiine thy lanxin ophonyIni t rogcn, 434 
Bisdimethylainiiiotriphonjdniethyl, 404 
Bisdiphcnyldihiphenyleiiehydrazine, 438 
Bisdiphenylinethyl, 414 
BisdiphenylniethykUphcriylcthane, 413 
Bisdiphenjdmethyidiphenylmethane, 413 
BiRdipheiiylmethi'lphonylbutaiie, 414 
BiaditobvldibiphenyloiKdiydrazine, 438 
Biselenauaphthcnonc, 61 
Bisfluorenyls, 404 
Bisiuiphthindoleyudigo, 85 
Bisnitropheiiylnitric oxide, 426 
Bisphonylfluorcnyl, 404 
Bisphenylxanthyl peroxide, 190 
Bispidiuti, 268 
Bispiperidino, 328 
Bistetraliydromothoxyciuinolyl, 437 
Bistetrahydroincthylquiuoly], 437 
Bistetrabydroquinolyl, 437 
Bisthianaphtheiie, 59 
Bisthionaphtho^d disulfide, 452, 

Biatriaiyl methyl peroxide, 397 
Biatriinethylenediainine, 327 
Bitetrazole, 172 
Bitetrazolol, 173 
Bithianaphtheiiodioiie, 59 
Bithioindoxyl, GO 
Bitriazole, 157 
Blood pigment, 46, 47 
Brasilin, 192 
Brazaii, 85 
Brazilin, 85 
Brilliant indigo, 84 
Bromoacridine, 262 
Bromobeiizofuran, 63 
Bromobenzofuranone, 54 
Bromocarbostyril, 239 
Bromocinchonine, 352 
Bromocodide, 360 
Bromocoumalic acid, 20 
Bromocoumai'in, 61, 53 
Bromodimethylcounialic acid, 21 
Bromodiphenylnaphtliylmethyl, 402 
Broinoethylpyridine, 212 
Bromofuran, 17 
Bromofuroic acid, 20 
Bromoimidazole, 128 
Bromoindazole, 116 
Bromoindole, 66 
Bromoindolecarboxylic acid, 84 
Bromomethoxycodeinone, 364 
Bromomethylarsepidyl, 444 
Bromomethylfurfural, 19 
Brornomorphide, 359 
Bromoiiitrobenzofuran, 63 
Bromophonanthioxyl, 447 


Bromopropylphthalinddomalonic ester, 
49 

Bromopropylpiperidine, 222 
Bromopyiazole, 96 
Bromopyrazolino, 91 
Bromopyridine, 30, 201, 205, 206, 209 
Bromopyridincpropionic acid, 206, 218 
Broinopyrone, 179 
Broinoquinine, 352 
Broinoquinolirie, 229, 236, 236 
Bromotetrazole, 172, 173 
Bromothianaphthene, 57 
Bromothianaphthenol, 58 
Bromothiazole, 140 
Bromothiophene, 24, 26, 27 
Brotnotriazole, 155 
Bromotriphenylmethyl, 402 
Broniotropane, 343 
Brucic acid, 380 
Brucidine, 380 
Brucine, 204, 329, 380 
lirucirio oxide, 380 
Brucine peroxide, 380 
Bruciriesulfonic acid, 381 
Brueinolic acid, 380 
Brucinoiiiie, 380 
Bruciuonic acid, 380 
Bulbocapuine, 369, 371, 374 
Bulbocnpiiine dimethyl ethei’, 370 
BulbocajmxiS cavus, 374 
Butinidin chloride, 182 
Butylpyridine, 205 
Butylpyridinocarboxylic acid, 340 
Butyrolactam, 5, 48, 50 
But.yrolactone, 4, 22 

C 

Cacotheline, 381 
Caffeine, 108, 329 
Calumba root, 374 
Carnphanomorpholine, 274 
Canadine, 373 
Cannabis saliva, 331 
Capri blue dyes, 276 
Capriblue GON, 276 
Caprolactam, 326 
Capsaicine, 332 
Capsicum, 332 

Carbazole, 11, 51, 86, 88, 279 
Carbazoleacetio acid, 87 
Carbazole blue, 87 
Carbazolecarboxylic acid, 87 
Carbazolemagnesium iodide, 87 
Carbazolenine, 88 
Carbazoline, 88 

Carbethoxybiphenylenetetrazolium 
chloride, 174 
Carbethbxyconiine, 334 
Carbethoxydimethylpyridone, 178 
Carbethoxydimethylpyrrolepropionio 
acid, 44 

Carbothoxyethylphthalimido, 254 
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Carbethoxymcthylcinchomeronimido, 

215 

Carbethoxymethylphthaliinide, 253 
Carbethoxymethylpyrazolono, 109 
Carl>ethoxypiperidine, 222 
Carbethoxj^propylphthalinijdo, 254 
Carbindigo, 254 

Carbocinchomeroiiic acid, 205, 216 
Carboline, 266 

Carbomethoxymetliylpyrazolinetricar- 
boxylio acid, 102, 

Carbon monoxide, 422 
Ca^bon^^''laminobenzoyIphellvlhydrazine, 
327 

CarbonvlaminobenzN’lidienj'lhvdrazine, 

327 

Carbonylaniinophenol, 139 
Carbonyldiarninodiplieiiyl, 327 
Carbonyidipyrrolc, 36 
Carbonylothyleiicdiphonylhydrazine, 327 
Carbonylphonjdhydrazidoacotpl»enylhy- 
drazide, 327 

C’ ar bon y 1 thi oc.ar baiii li dc, 14 
(’arbopyrotritaric acid, 21 
Carbo-styril, 22(i, 235, 23G, 23S, 210, 214 
C^arbo.styril methyl ether, 238 
C ar boxy die thy Itetrai iiethylporph i ncpro- 
pioiiic acid, 46 

Carboxyethylindoleisosuccinic acid, 08 
Carboxymethylfuroic acid, 21 
Car boxy methylindazole, 112 
Carboxymethylmethylfuroic acid, 21 
Carboxyrnethylpyridininm chloride, 13 
Carboxymehliylmethylpyrrolidone, 50 
Carboxyinethylpyrrolidiiieacotic acid, 342 
Carboxyniothylinethylpyirolidiiiccar- 
boxylic acid, 50 

Carboxymethylquinaldinecarboxylic acid, 
242 

Carboxj'phenylindazolol, 116 
Carboxyphcnylpyridinecarboxylic acid, 
214 

Carboxypiperidineacetic acid. Son Cin- 
choloiponic acid 

Carboxypseudoindolone oxide, 74 
Carbyls, 393 
Cardiazolo, 171, 17^ 

Carnegine, 357 
Carnigiea gigantea, 357 
Carnosine, 130 
Casein, 49, 60 
Celandine, 179 
Cellulose, 19 
Cophaeline, 376 
Ceroxonol, 193 
Cerulein, 193 
Cevadilline, 383 
Cevadine, 383 
Cevine, 383 
Chelidamic acid, 217 
Chelidonic acid, 178, 179, 217 
Chelidonium mains, 179 
China cuprca, 352 


Chloralidc, 88 
Chlorine e#, 46 
Chloroacridine, 262 
Chloroaminopyridine, 206 
Chlorobenzofuran, 53 
Chlorohenzothiazole, 145 
Chlorocarbazolc, 87 
Chlorocinnoline, 285 
Chlorocodido, 360 

Chlorodihydrophenarsazine, 316, 317 
Chlorodihydrophcnarsazinccarboxylic 
acid, 317 

Chlorodinicthyldihydrophcnarsazine, 317 
Chlorodimethyl imidazole, 128 
Chlorodi methy 1 (lui nolin e, 65 
ChloT-odimethyltrichlorobenzimidazole, 

134 

C'bloroethylpiperidine, 222 
Clilorohydroxyphenoxazoue, 276 
( 3iloroh\’droxypyrindono, 237 
Chloroimidazole, 128 
Chloroindazole, 113, 114, 116 
(3iloi (}indoJe, 66 
(Uiloroisoquinolino, 252 
C3iloroiKO(iiiinolinol, 252 
C/lilorolopidine, 65, 239 
Chlorolepidinicj acid, 210 
Chlorolntidine, 206, 208, 211 
Chlo!‘olutidino(licarboxylic acid, 217 
Chloromethyldihydrophenarsazine, 317 
Chloromothylfurfural, 19 
C'hloromcthylimidazolc, 128, 129 
C 'liloromethylLsoquirioline, 252 
C^hloromethyllutidinium iodide, 209 
("lilorometliN'lquinoline, 235 
Chloromorphido, 359 
Chloroiiicotinic acid, 214 
Chlorophotuinthridine, 264 
Cl I lorophei i an throxy 1, 447 
ChlorophenaziIlium chloride, 309 
Chlorophenothiazino, 279 
Chlorophenylbenzofuran, 54 
C'hloropheiivldihydropvrimidodiquiuo- 
liiie, 252 

Chlorophenylisoquinoliiic, 252 
C3iloroi>li(Miylquinazoline, 292, 293 
CUilorophenylxauthyl, 405 
Chloroplithalazino, 285, 286 
Chlorophyll, 8, 29, 33, 46, 47 
Chloropiperidinocarboxaldchydo acetal, 
224 

Chloroijseudoindolone, 70, 76 
Chloropyrazole, 90 
Chloropyi idazine, 283 
Chloropvridine, 30, 200, 201, 206, 207, 
209, 211, 266 

Chloropyridinccarboxylic acid, 214 
Chloropyrimidine, 288 
Chloropyrrole, 33 
ChloropyiToline, 48 
Cliloroquinaldino, 65 
Chioroquinazoline, 292, 293 



464 


INDEX 


ChloroauinoUiie, 62, 66, 66, 229, 234, 2S5, 
237. 238, 239, 240, 244, 267, 350 
Chloroquinoliuecarboxylic acid, 242 
Oilororaphinej, 304, 309 
Clilorototrazolo, 172 
Chlorothiazole, 140 
Chloroihiophono, 24, 26 
Chlorololuquinoline, 240 
Clilorotriazole, 155 

(Jhlorotriirietliylpyridiniurn iodido, 211 

Chlorotriphenylinethy], 402 

CluomenylH, 407 

(diroinono, 185, 187, 419 

Chromoiiol, 187 

Chryaanilic acid, 09 

Chryaanilinc, 259, 200 

Chrysin, 1S7 

Ciba blue, 84 

Cibalgin, 108 

CJiba scarlet (i, 58 

Ciba violet, 77 

Cinchamidine, 352 

Cinchene, 355 

(aneholoiponic acid, 220, 22‘\,225, 353 
(3nchonu‘ronic acid, 214, 215, 251,307 
Cinchoiiieionic acid anhydride, 237 
Cinchomeroni<^ acid nKithyJbetaine, 215 
Ciiichoineronimide, 215 
Cinchomeronimidinc, 215 
Cinchona alkaloids, 224, 351 
Cinchona species, 351 
Cinehonic acid, 215 
C'inchonidine, 215, 351, 353 f. 

Cinchonine, 204 f., 215, 216, 224, 226, 
232, 239, 241,245, 329, S61, 353, 354 
Cinchonine chloride, 355 
Cinchoninic acid, 227, 239, 240, 2^1, 242, 
353, 355 

Cinchoninic acid amide, 236 

Cinchoninone, 353, 355 

Cinchophen, 108, 242 

Ciiichotenino, 353 

Cincholine, 351, 352 

ChnchotoxiTic, 354, 355 

Cinnainylcocaine, 344 

Ciniioiino, 2S5 

Ciiuiolinol, 286 

Citraconimide, 32 

Cit.razinic acid, 190, 200, 217 

Citrus aurantium, 49 

Coca alkaloids, 345 

Cocaine, 329, 330, 344, 345, 340, 347 

Coccnlus species, 368 

Coelaiirinc, 308 

Cocoa leaves, 49 

Codamine, 366 

Codeine, 329, 358, 359, 361, 362 
Codeinone, 360, 301, 362 
Coffee oil, 16 
Colchicine, 329 
Collidine, 204, 206, 212, 216 
Collidinedicarboxylic acid, 216 
Collinsia, 78 


Columbarnine, 309, 374 
Comanic acid, 179 
Comen amic acid, 180, 210, 217 
Comenic acid, 179, 180 
Compral, 108 
Conhydrine, 224, 332, 334 
Coniceinc, 219, 332, 334 
Collidine, 224 

Coniine, 205, 206, 213, 329, 330, 332, 334, 
335, 383 

Conium macuJatum, 332 
Coruiuinine, 351 
Corivicine, 290 
Conyrine, 205, 333, 348 
Copellidino, 222 
Coproporphyrin, 42 
Copyrine, 216 

Cortex Quebracho Idanco, 3S2 
Corybiilhine, 374, 375 
Corycavamine, 375, 376 
Corycavine, 375, 376 
Corydaldine, 370, 377 
Corydaldinei^arboxylic acid, 370 
Corydaline. 309, 374, 575 
Corydalis cava, .371, 374 
(kirydalis root, 375 
(.lorydalis tubcr.s, 374 
Corydinc, 371 
Cory nan thic acid, 382 
Corynanthine, 3S2 
(/orypahnine, 374 
C’orytuberine, 309, 371 
Corytuborino ditru'thyl ether, 370 
Cotarnic acid, 307 
(-otarninc, 254, 300, 308 
Coto bark, 178 

("otton dyes, substantive, 139, 144 

Coumalic acid, 178 

Coumalin, 178 

Couniaran, 54 

Couimarandionc, 55 

Couniaran one, 54 

Coumarilic acid, 51, 52, 53, 54 

Couirmrin, 51, 181, 184 

CoumarinaJdeliydes, 184 

Couinariii dihromide, 51 

Coumaroiio, 7, 51, 52 

Coumaronc nisins, 52 

Couiuazonic acid, 272 

Creatinine, 131 

Creosote, 16 

Cryptopine, 375, 376 

Crypiopyrrole, 32, 33, 39, 40 

CryptopyiTolecarlxixaklohydo, 33, 35 

Cryptopyrrolccarboxylic acid, 37, 39, 40 

Cryptopyrrylmethene, 42 

Crystal violet radical, 404 

Cumylencdiazosulfide, 108 

Cupreine, 351, 352 

Cuskh 3 ’grine, 331 

Cusparine, 239, 350 

Cuzco leaves, 331 

Cyanamiue, 277 
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CyaiiQ-Kthreiie, 24S 
Cyanide radi(\al, 412 
Cyanidin diloridp, IH'2, 1.^0, 187 
Ci'anidirie, 317 
Cyanidin iodide, 183 
Cyanine dyes, 231, 234, 240 
Cyaiioalkinc(8), 2S8, 200 
C 3 ^aiiobenzyline, 290 
Cyanoeoniinc, 289 
Cyanoothiiie, 290 
Cj^anoiiidazole, 117 
Cyanoniothine, 290 
Cyanoinethylisoearbostyril, 253 
Ci^anopyridirie, 200 
CyanopyiTole, 31 
Cyanotetrazolo, 172, 173 
C'^'nnothiophene, 24 
Cyanuric mud, 318, 319 
Cyanuric cliloride, 318, 319 
Cyaphenino, 318 

Cycloforrnazjdcarboxylic add ester, 328 

Cyeloheptatriene, 342 

Cyclopontaquinoline, 25G 

Cyt,isine, 349 

Cytisolidine, 349 

Cytisolinc, 349 

Cytisolinic acid, 349 

Cytisus labicrnum, 349 

Cytosine, 289. 200 

Cytosinecarboxaldehyde, 291 

D 

Daphnfttin, 51 
Datura stramonium, 340 
Decahydroacridinedione, 262 
Decahydroisoquinoliiie, 256 
Decah.ydvoquiiioline, 230, 244, 245, 246, 
248 

Dehydroacetic acid, 178, 209 
Dchydroacetocarbox,\4ic acid, 178 
Dehj'^drobromonaplithol, 450 
Dehydrocarbazides, 439 
Dehydrocarbohydrazides, 439, 44'^ 
Deh.ydrocinchonine, 352 
Dehydroeresol, 447,450 
Dehydi’odihydroxynaphthylethane, 450 
Dehydrodihydroxynaphthylnjethanc, 450 
Dehydrofuroic acid, 17 
Dehydrohydroxybinaphthylcne oxide, 
449 ,450 

Dohydroindigo, 83, 84 
Dehydrornethylnaphthol, 450 
Dehydroniucic acid, 20 
Dehydromuoic acid chloride, 19 
Deliydronaphthol, 450 
Dehydroquinine, 352 
Dehydrospartoine, 339 
Dehydrotetrachlorocresol, 450 
Dehydrothiotoluidine, 144 
Delphinidin chloride, 182 
Desoxybonzoincarboxylic acid lactazoiio, 
327 


Desoxycinchoiiidine, 355 
Desoxycinchonine, 355 
Desoxycodeino, 361 
Desoxyfuroin, 18 
Desoxyindigo, S3 
Desoxylupanine, 310 
Desoxyquinidine, 355 
Desoxyquinine, 355 
Desoxystrychnine, 379 
Desoxytetrah^^drosinonienine, 364 
Desoxyyohirnbine, 382 
Deiiteroporphyrin, 42, 44, 45 
Diacenaphthothiophene, 85 
Diacetoxydiphenanthryl peroxide, 447 
Diacetylaininotetraphenylhydrazine, 436 
Diacetyldeuteroporphyrin, 44, 45 
Diacetylindoxyl, 69 
Diacetyllutidine, 213 
Diacetylrnorpbine, 358 
Diaeetyhiaphthazariri, 100 
Diacetylphenyllutidine, 213 
Diacety] py rrocoline, 268 
Diacetylpyrrole, 36 
Diacetyltetrahydrobipyridine, 204 
Dially]barbituric acid, 108 
Dial uric acid, 290 
Diarninoacridine, 260 
Diaminobonzirnidazole, 134 
Diaminobenzociiiiiolirie, 287 
Diarninocarbazole, 87 
Diaminochloropyrimidine, 291 
Diarninodianthraquinoyl, 307 
Diaiuinodibenzofuran, 85 
Diarninodiinethylpyridine, 208 
Diaminoflavinduline, 315 
Diaminohydrocyanuride, 318 
Diarniriohydroxypyriinidino, 288 
Diaminomethylacridinium chloride, 260 
Diarninonicotinic acid, 214 
Diaminophenazino, 308, S09, 316 
Diaminophenothiaziiie, 279, 280 
Diarninophenoxaziiie, 276 
Diaminopheiiylphenazinium chloride, 310 
Diaminopyrazole, 97 
Diaminopyridinc, 207, 208 
Dianiinopyrimidine, 290 
Dianiinopyrirnidincdiol, 290 
Diarninoquinoxaline, 301, 302 
Diaminostrychnino, 380, 381 
Diaminothiopyrimidine, 290 
Diaminotlnopyrimidol, 290 
Diaminotriazine, 318 
Dianiinotriazinol, 319 
Dianilinoisonicotinic acid, 217 
Dianilinophenazothionium chloride, 280 
Dianisyldii)hcnylallyl, 406 
Dianisylnitric oxide, 420 
Dianisylnitrogen, 434 
Dianthranilide, 327 
Diarylnitric oxides, 424 
Diaryl nitrogen, 433 
Diazabicyclononane, 268 
Diazacyclododecane, 328 
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DiazacyclcKlodecanedioDe, 328 
Diazapyranibronedione, 307 
Diazine, 282, SS3, 288, 296 
Diaziridine, 13 
Diazoaminoxiyridine, 207 
Diazoindazole, 112, 110 
Diazoindolo, 62 
Diazole, 89, 124 
Diazotetrazole, 172 
Diazoibiazolo, 140 

Diazotriazol 6 carbox 3 dic acid, 157, 158 
Diazoxide, 89 
Dibenzacridiiie, 259 
Dibenzacridone, 259, 202 
Dibenzauthracene, 412, 415 
Diboiizarsenole, 88 

Dibenzenesulfonyldibydropyrazine, 298 
Dibenzonesulfonylpiperazine, 299 
Dibeiizenesulforiyltetrahydroquinf^xaline, 
303 

Diboiizenylazosulfime, 166 
Dibenzenylazoxime, 163 
Dibenzocarbazole, 87, 88 
Di benzodiazepine, 327 
Dibenzodiazepinone, 327 
Dibenzodiazociriedione, 327 
Dibenzodioxocindione, 327 
Di^^enzofiuorindine, 316 
Dibenzofuran, 61, 85 
Dibenzofuraiicarboxylic acid, 85 
Dibenzofuransulfonic acid, 85 
Dibenzofuryl ketone, 53 
Dibenzo(‘)xazijie, 274 
Dibonzooxitidigo, 66 
Dibenzophenazirxie, 312 
Dibenzophenazine, 302, 306, 306 
Dibenzophenothiazine, 279 
Dibenzophenothiazone, 281 
Dibenzopbenoxazine, 274 
Dibenzopyran, 189 
Dibeuzopyrazine, 303 
Dibenzopyridazine, 287 
Dibenzopyrone, 189 
Dibenzopyrrole, 31, 80 
Dibenzoquinazolinedioiie, 290 
Dibenzoquinoline, 249 
Dibenzothiophene, 51, 

Dibenzoxaiithone, 192 
Dibenzoxantbydrol, 190 
Dibenzoyl dimethyidihydrototrazine, 147 
Dibenzoyldimethyltetrahydroquinazoline, 
295 

Dibenzoylfuran, 19 
Dibenzoylfurazan, 161 
Dibenzoylfuroxan, 161, 102 
Dibenzoylindigo, 84 
DibenzoyltetraaryltetrazaneB, 442 
Dibonzylbisdiphenylmethyl, 412, 4^5 
Dibenzylbisphenylethyl, 413 
DibenzyldihydrodiphenyIpyrazine, 298 
Dibenzyldiphenyldihydropyrazine, 298 
Dibenzyldipyridinium, 430 
Pib«nzyldipyri4iixium bicarbonate, 430 


Dibenzyldipyridinium dichloride, 432 
Dibonzyluit.rogcn, 434 
Dibenzylphenylaniinopyrimidine, 290 
Dibenzylpiporazino, 299 
Diberizylpyridiiie, 205, 222 
Di bonzy 1 tetrahydrodipyridyl, 429 
Diljipbouylenedibipbenylylethane, 396 
Dibipbenylenehydrazine, 87 
Dibiphonylylnaphthylinethyl, 402 
Dibipbenylylni trogen, 434 
Dibromobenzofuran, 63 
1 )i brom oberizofuranone, 64 
Dibroinobenzoxazolone, 139 
Dibromodibenzofuran, 85 
Dibroiriodihydrolienzofuran, 53 
Dibroniodimothylpyrromethenedipropi- 
onic acid, 45 
Dibromofuroic acid, 20 
Dibromofuroxan, 162 
Dibromoindigo, 77, 84 
Dibromoniethylenebydrazinototrazolo, 
173 

Dibromopyridazone, 284 
Dibromopyridol, 209 
Dibrornopyrone, 179 
Dibroinotetrarnethylpiperidone, 48 
Dibroniothianapbthone, 57 
Dibrornothianaphthenone, 58, 69, 60 
Dibroniotliiophone, 26 
Dibroinoticonine, 337 
Dicarbethoxydimethylpyrroniethanedi- 
propionic acid, 44 

Dicarbothoxytotrainethylpyrromethene, 

40 

DicarboxypyjToledifKjetic acid, 37 
Dicentra pusilla, 372 
Dicenlra s^jcctahilvi, 375 
Dioentrine, 372 

DichloroacetylpicoUnio acid, 237 
Dichlorobenzofuran, 53 
Dichlorobonzylxnperidine, 221 
Dichlorocarbazole, 87 
Dichlofodinapbthyridine, 267 
Diehlorodinicotinic acid, 217 
DicUorofuroxan, 162 
Dicbloroindigo, 84 
Dichloroindole, 66 
Dicbloroisonicotinic acid, 206, 217 
Dichloroisoquinoline, 251, 252 
Dichloromaleimide, 29 
Dichlorornethyldiinothylpseudoindole, 
65 

Dichloromethylpyrrole, 30 
Dichloronicotuiic acid, 217 
Dichlorooxodihydrobenzotliiazine, 14C 
Dichlorophenazinium chloride, 309, 316 
Dichlorophthalazine, 280, 287 
Dichloropyridine, 206 
Dichloropyrimidine, 289, 290 
Dichloropyrrole, 33 
Dichloroquinazoline, 292, 293 
DicliloroquinoUnetrione, 237 
Dichloroquinoxaline, 302 
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Dichlorothianaphihene, 57 
Dichlorothiophene, 24, 26 
Dichromylene, 414 
Dicodide, 360 
Dictamnic acid, 350 
Dictamnine, 350 
Dictamnus, 350 
Dicyaiiiries, 234 
Didecyloxadiazole, 104 
Diethcnylazoxime, 163 
Diethoxychlorotriazine, 319 
Diethoxyinethylene, 423 
Diethyldimethylpyrrole, 32 
Diethyldiphenylhydrazine, 437 
Diethylene dioxide, 270 
Diethylene sulfide, 270 
Diethyliiidigo, 76, 84 
Diethylmethylaminopyrimidine, 290 
Diethylmethylpyrimidine, 289 
Diethylnitrogen, 434, 437 
Diethyloxadiazole, 164 
Diethyloxalimido chloride, 127 
Diethylphonosafranino, 314 
Diethylpyridineniethanol ,212 
Diethyltetrainethylporphinepropionic 
acid, 46 

Diethyltetramethylpyrromethenc, 40 
Difurfurylidenefurfurylidenediainine, 17, 
19 

Difurfurylidenepropionic acid, 18 
Difurfurylideiicsuccinic acid, 18 
Di f urf ury lidenctri acetophon one, 18 
Difuryl, 22 
Difurylethyicne, 16 
Difurylglycolic acid, 18 
Difurylglyoxal, 18 
Difuryltriazole, 155 
Diglycolamic acid anhydride, 274 
Diglycolic acid imide, 274 
Diglycolic anhydride, 270 
Diglycolide, 270 
Dihydrazinonaphthyridine, 174 
Dihydroacridine, 258, 260, 262 
Dihydroacridinesulfonic acid, 258 
Dihydroanthraquinoneazine, 306 
Dihydroantipyrine, 106 
Dihydroarccaidine, 332 
Dihydrobenzisothiazolc, 124 
Dihydrobenzocinuolinc, 287 
Dihydrobenzodiazocinedione, 327 
Dihydrobenzofuran, 54 
Dihydrobenzofurancarboxylic acid, 54 
Dihydrobenzoquinolizine, 246 
Dihydrobon zoquin olizincdione, 246 
Dihydrobenzoquinoxalinol, 303 
Dihydrobenzotriazine, 320 
Dihydrobenzoxazine, 274 
Dihydroberberine, 373 
Dihydrobrucidine, 380 
Dihydrobrucine, 380 
Dihydrocarbazole, 87 
Dihydrooinchonine, 356 
Dihydrocinnoline, 285 


Dihydrocodeinone, 360, 302, 304 
Dihydrocollidine, 218 
Dihydrocollidinedicarboxylic acid, 108, 
204, 216, 218 
Dihydrocotarnine, 367 
Dihydrocyclopentaquinoline, 256 
Dihydrodiacetylcollidine, 218 
Dihydrodiacotyllutidine, 218 
1 )ihydrodiazai)yranthrene, 307 
Dihydrodibenzazopiiie, 326 
Dihydrodibenzazepincdione, 326 
Dihydrodibenzoxepindione, 326 
Dihydrodinaphthophcnazinetetrone, 306 
Dihydrodioxol oisoquinoline, 254 
Dihydrodiphonylquinoxaline, 302 
Dihydrodiphenyltetrazine, 325 
Dihydroflavone, 185 
Dihydrofuran, 22 
Dihydrofuraiidicarbox^dic acid, 21 
Diliydroharmine, 377 
Dibydrohj^’drastinine, 309 
Dihydrohydroxy codein one, 360, 364 
Dihydrohydroxythebainono, 364 
Dihydroimidazole, 130 
Dihydroimidazopyridinc, 269 
Dihydroindole, 63, 71 
Dihydroisobenzofuran, 56 
Dihydroisoindole, 286 
Dihydroisoquinoline, 254 
Dihydroisoxazolo, 120 
Dihydrolutidinedicarboxylic acid, 218 
Dihydrometanicotine, 337 
Dihydromethylbenzoxazone, 274 
Dihydromethylisopropylquinoxaline, 303 
Dihydromorphinc, 358 
Dihydronaphthofurandione, 259 
Dihydronaphthoxazine, 273 
Dihydronicotyrine, 338 
Dihydrooxadiazole, 164 
Dihydrooxazine, 272 
Dihydrooxazole, 137 
Dihydrooxobenzofurancarboxylic acid, 
54 

Dihydropapaverine, 366 
Dihydrophenanthridino, 264 
Dihydrophcnarsazine, 317 
Dihydrophenazine, 305 
Dihydrophthalazine, 280 
Dihydropyrazino, 296, 298 
Dihydropyrazinodiquinoxaline, 302 
Dihydropyridazine, 283 
Dihydi'opyridazone, 284 
Dihydropyridol, 205 
Dihydropyridyls, 408 
Dihydropyrrole, 47 
Dihydroquin acridine, 263 
Dihydroquinacridone, 26^1 
Dihydroquinaldine, 243 
Dihydroquinazoline, 292, 29$, 295 
Dihydroquinazolinethione, 296 
DihydroquinoHne, 230, 2^ 
Dihydroquinolinol, 230 
Dihydroquinolone, 245 
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Dihydroquinoxaline, 300, 30^ 
Diliydroquinoxalinol, 301 
Dihydroquinoxalonc, 301 
Dihydroquinoxalophenazine, 315 
Dihydro(iuinoxaI(Kjuinoxaliiie, 302 
Dihydroscopolinc, 344 
Dihydrosinomeniuc, 364 
Dihydrostrychnine, 379 
Dihydrostrychnoline, 379 
Dihydrotetrazinc, 154, 166, 323, 3:24, 325 
Dihydrotetraziriedicarboxylic acid, 157, 
325 

Dihydrothebacodine, 364 
Dihydrothcbaine, 362 
Dihydrothebainone, 362, 364 
Dihydrothebanone, 364 
Dihydrothianaphtherio, 67 
Dihydrothiazinc, 277 
Dihydrothiazole, 143, 106 
Dihydroxyanthrapyridinoquinone, 24H 
Dihydroxyanthraquinonequiiioline, 248 
Dihydroxybonzofuranono, 54 
Dihydroxybonzoquinolincquinono. 248 
Dihydroxybiboiizofuran, 65 
Dihydroxychronionc, 187 
Dihydroxycopyrinc, 216 
Dihydroxycopyrinecarboxylic acid, 216 
Dihydroxydimethy 1 biquinolinc, 239 
Dihydroxydinicotinic acid, 210, 217 
Dihydroxydiphenyltetrazoiiurn betaine, 
174 

Dihydroxyflavone, 187 
Dihydroxyflavonol, 188 
Dihydroxyflavylium chloride, 182 
Dihydroxyindole, 73, 74 
Dihydroxyisonicotinic acid, 217 
Dihydroxyisopropylpyridine, 205, 212 
Dihydroxyisoquinolinocarboxylic acid, 
253 

Dihydroxylepidino, 217 
Dihydroxyinotliylnicotinic acid, 217 
Dihydroxyniethylpyridinoethanol, 212 
Dihydroxymethylqninolincothanol, 232 
Dihydroxyniethyltetrahydrodibenzo- 
cpiiiioline, 369 

Diliydroxynaphthoqninolincdiono, 248 
Dihydroxynaphthoquinoxaliiiedioiio, 306 
Dihydroxynicotinic acid, 217 
Dihydroxyphenazine, 309, 316 
Dihydroxyphenyltetrazolium betaine, 172 
Dihydroxypicolinic acid, 180, 199, 210, 
211,217 

Dihydroxyiiyridinecarboxylic acid, 200 
Dihydroxypyritmdino, 288 ,290 
Dihydroxypyrimidinecarboxaldeliyde, 

289 

I^ihydroxypyriniidinecarboxylic acid, 290 
l^ihydroxyquinolinecarboxylic acid, 243 
Dihydroxytetraphenylsuccinic bislactone, 
408 

Dihydroxytropane, 344 
Dihydroxytropidine, 342 
Dihydroxyxanthone, 191 


Diiminourazolo, 169 
Diindogen, 70 
Diiodofuraii, 17 
Diiodofuroxan, 162 
Diisatogen, 74, 80 
Diisobutyloxadiazole, 164 
Diisonitrosoisoxazoline, 121 
Diisopropyloxadi azole, 164 
Diketyls, 419 

Dimercaptoisonicotinic acid, 217 
Dimethoxybenzoyldiinethoxyisoquino- 
line, 365 

Di 1 nethoxy ben zoy lp 3 n*i dinedicarboxy lie 
acid, 365 

Dimethoxybenzyldiinethoxyisoquinolino, 

365 

Diriicthoxybisdiinethylaminotetraphenyl- 
hydrazine, 436 

Dimethoxychlorotriazine, 319 
Diinethoxyisoquinolino, 255, 365 
Dirnethoxyisoquinoliiiocarboxvlic acid, 
254, 365. 376 

Dinietlioxymercaptotriazole, 319 
Dimcthoxynitrotripheuylmetliyl, 403 
Dimethoxyoxindigo, 56 
Dimethoxyphthalido, 358 
Dimethoxyquinolinediol, 350 
Dimethoxystrychiiine, 380 
Dimethoxytripheiiylmcthyl, 403 
DiinethylacetyJp^Trolecarbox^dic acid, 
36 

Dirncthjdacridone, 262 
Dimethyl urninoazoantipy rine, 109 
Dimethylamiriodimctliylphcnylpyrazu- 
lone, 107 

Dimethylarninohydroxyphenoxazone, 276 
Dimethylarninohydroxyphenoxazone- 
carboxylic acid, 276 
Dimethjdainirioindazole, 116 
Diinethylaniinophcnothiazine, 281 
Dimct^iylaTninophcnylacridine, 259 
Dirnethylaminopyridine, 207 
Dimethylaininopyrirnidine, 289, 290 
Dimethylaminopyrimidol, 290 
Dirnethylaminotoluphonazine, 309 
Dirnothylapoinorphitnethino, 359 
Dimethyl azie thane, 14 
Dimethyl barbituric acid, 19 
Dimethylbenzidine, 437 
Dimethylbenzimidazole, 127, 133, 134 
Dimethylbenzimidazolinol, 135, 136 
Dimethylbenzimidazolone, 136 
Dimethylbenzisoxazole, 122 
Dimethylbenzocinnoline, 287 
Diraethylbenzodiazepine, 326 
Dimetbylbonzodifurandicarboxylic acid 
ester, 56 

Dirnethylbcnzofuran, 62 
Dimethylbonzofuranone, 54 
Diraethylbenzophenoxazime chloride, 277 
Dimethyl biisoxazole, 120 
Dimethylbioxadiazole, IGS, 164 
Dimethylbiphenoqumonediimine, 437 
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Dimethylbithiadiazol^^ 106 
Dimethylcarbazole, 87 
Dimethylcarbethoxypyrrolemethanol, 34 
Dimethylcarbopyridinecyanino iodide, 

210 

Dimethylcarbostyril, 229, 232 
Dimethylchloronicotinic acid, 215 
Dimethylohloropyrirnidine, 290 
Dimethylcinchomeronic acid, 216 
Dimethylcinchoriinic acid, 242 
Dimethylconiine, 333 
Dimethylconiinium iodide, 333 
Dimethylcoumalic acid, 178 
Dimethylcoumalin, 178 
Dimethylooumarilic acid, 52 
Dimethyldiaminoacridine, 260 
Dimethyldiaminotoluphenazino, 309 
Dimethyldianthraquinoyl, 307 
Dimethyldibenzoyldihydrotetrazine, 323 
Dimothyldicarboxypyrromethancdipro" 
pionic acid, 39 

DiniothyIdi chloropy rimidi ne, 290 
Dimethy Idiethy Idi carboxypy rromethane, 
39 

Dimcthyldiethylpyrrole, S2, 101 
Dimethyidihydroacridine, 260 
Dirnethyldihydrobenzodithiepin, 327 
Dimethyldihydroisoquinoline, 254 
Dimethyldihydropyrazinedicarboxylio 
acid dianilide, 299 

Dimethyldihydropyridazinodi carboxylic 
acid, 284 

Dimethyldihydroquinoline, 243 
Dimetbyldihydroxywopropylpyridine, 

212 

Dimethyldioxolanone, 88 
Dimethyldiphenyldihydrotetrazine, 323 
Dirnethyldiphenylhydrazine, 4S6, 4^7 
Dimethylditolylphenazine, 435 
Dimethylethylpseudoindole, 66 
Diniethylethylpyrrolecarboxaldehyde, 35 
Dimethylothylpyrrylmethylcnedimethyl- 
ethylpyrrolenine, 40 

Diraothylfonnylpyrrolecarboxylic acid, 35 
Dimothylformylpyrrolepropionic acid, 35 
Dimethylfuran, 15, 16, 20 
Dimethylfurandicarboxylic acid, 16, 20, 
21 

Dimethy Ifurazan, 160, 161 
Dimothylfuroic acid, 20, 21 
Dimethylfuroxan, 161 
Dimethylgranatic acid, 348 
Dimethylhomophthalimide, 251 
Dimethylhydroxypyridinecarboxylio acid, 
217 

Dimethylhydroxypyridinedicarboxylio 
acid, 217 

Dimethylimidazole, 127, 378 
Dimethy limidazoline, 130 
Dimethylindazole, 115 
Dimethylindazolium bromide, 116 
Dimethy lindazolium chloride, 116 
Dimethylindazolium iodide, 115#. 


Dimethylindigo, 77 ,84 
Dimethylindole, 62, 66 
Dimethylindolecarboxylie acid, 67 
Dimethylindohne, 71 
Dimethylisonitrosopyrrole, 34 
Dirnethylisopropylpyrazoline, 101 
Dimethylisoxazolone, 121 
DimethyImaleic acid anhydride, 215 
Dimethylmethyliminothiazoline, 141 
DimethyInicotinic acid, 198, 216 
Dimethy Ini tropyrrolecarboxy Ho acid, 34 
Dimethylnitrosopyrazole, 96 
Dime thy lollepidine, 232 
Dimethylolquinaldine, 232 
Dimethy loxadiazolo, 16S, 164 
Dimethyloxalimide chloride, 127,128 
Dimethy loxazole, 137 
Dimethyloxazolidine, 137 
Dimethy loxazoline, 137 
Dimethyloxindigo, 56 
Dimethyloxindole, 7\,72 
Dimethyloxopyrancarboxylie acid, 178 
Dimethylphonazine, 305 
Dimethylphenazine oxide, 305 
Dimethylphenosafranine, 314 
Dimethylphenoxazine, 275 
Dimethylphenyloxodihydropyridinecar- 
boxyHc acid, 217 
Dimethylphenylpiperidone, 223 
Dimethylphenylpyrazolium iodide, 95 
Dimethy Iphenylpyrazolone, 106 
Dimethylphenylpyrimidino, 289 
Dimethylphenylurazole, 159 
Dimethylpiperazine, 299 
Dimethylpiperazinedione, 299 
Dimethylpiperidine, 222 
Dimethylpiperidinium iodide, 48, 221 
DimethyIpseudoindole, 71 
Dimethylpyrazine, 297 
Dimethylpyrazinedicarboxylic acid, 298 
Dimethylpyrazolo, 93, 94, 95, 96,100 
Dimethylpyrazoleoarboxaldohj^de, 98 
DimethylpyrazolecarboxyHc acid, 100 
Dimethylpyrazolidine, 110 
Dimothylpyrazolol, 98 
Dimethylpyridazine, 283 
Dimethylpyridazinedicarboxylic acid, 283 
Dimethylpyridine, 204 
Dimethylpyridinedicarboxylic acid, 216 
Dimethylpyridinemethanol, 212 
Dimethy Ipyridinethiol, 211 
Dimethylpyridinetricarboxylic acid, 210 
Dimethylpyridinium iodide, 224 
Dimethy Ipyridone, 178 ,209 
Dimethylpyridonedicarboxylic acid, 209 
Dimethylpyrimidine, 289 
DimethyIpyrimidol, 289 
Dimethylpyrone, 178, 179, 209 
Dimethy Ipyrone potassium, 416 
DimethyIpyronedi carboxylic acid, 180, 
217 

Dimethylpyrrole, 16, 32 ,44 
Dimethylpyrroleoarboxaldehyde, SB, 44 
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Dimethylpyrrolecarboxylic acid, 37 
Dimethylpyrroledicarboxylic acid, 32, 34, 
36 ,37 

Dimethylpyrrolepropionic acid, 37 
DimethyJpyrrolidine, 49 
Dimethylpyrrolidinium iodide, 48 
Dimethylpyrrolidinylacetone, 331 
Dime thy Ipyn'oline, 47 
Dimethylpyrrolinium iodide, 47 
Dimethylquinazoline, 292 
l^imethylquiiioline, 232 
Dimethylquinolinol, 349 
Dimethylquinoxaline, 298, 301 
Dimethylquinoxalinol, 302 
Dimethylquinoxalone, 303 
Dimethylresorufin, 276 
Dimethylseleiiadiazole, 166 
Dimethylselenopheno, 28 
Dimethyltetrahydroisoquinolinium io¬ 
dide, 255 

Dimethyltetrahydropyridine, 219 
Dimethyltetrahydropyronedicarboxylic 
acid, 180 

Dimethyltetrahydroquinoline, 349 
Dimethyltetramethoxydiphenylnitric 
oxide, 427 

Dimethyltetrazine, 324 
Dimethyltetrazole, 172 
Dimethyltetrazotopyrimidine, 291 
Dimethylthiadiazole, 166 
Dimethylthiazole, 140 
Dimethylthiazoleoarboxylic acid, 141 
Diiiietliylthionyhuethanol, 27 
Dimethylthieiiyl methyl ketone, 27 
Dimethylthiophene, 16, 24, ^5 
Dimethyltriazole, 147, 1/^y 155 
Dimethyltriazolopyridazine, 166 
Dimethyltriazolopyrimidino, 291 
Dimethyluracil, 290 
Dimethylvinylpyrrolecarboxylic acid, 

37 

Dimethylxanthene, 189 
Dinaphthalen© oxide, 85 
Dinaphthofuran, 86 
Dinaphthophenazine, 306 
Dinaphthoxanthene, 189 
Dinaphthylnitrogen, 435 
Dinaphthyltetrazine, 324 
Dinicotinio acid, 216 
Dinitrocarbazole, 87 
Diuitrodibenzofuran, 86 
Dinitrodihydroxyqninolinecarboxylio 
acid, 380 

Dinitrodiphenyinitric oxide, 426 
Dinitrofuran, 17 
Dinitroiiidigo, 77 
Dinitroindole, 66 
Dinitrophenothiazine, 279 
Dinitrophenothiaain© oxide, 279 
Dinitrophenoxazme, 275 
Dinitrophenyldihydrophenazine, 314 
DinitrophenylhydroxytriasoleoarboxyUo 
acid, 160 


Dinitrophenylpyridinium chloride, 301, 
231 

Dinitropiperazine, 299 
Dinitropyridol, 207 
Dinitropyrrole, 34 
Dinitropyrroledicarboxylic acid, 34 
Dinitrotetraphenylhydrazine, 436 
Diiiitrothiophene, 24, 26 
Dinitrotriphenylmethyh 403 
Dioxane, 270 
Dioxaiiedione, 270 
Dioxindole, 73 
Dioxine, 270 
Dioxoanthioxazole, 140 
Dioxodihy dropy rindenecar boxy lie acid, 
237 

Dioxodihydrothianaphthene, 69 
Dioxohexahydropyridazine, 284 
Dioxolanone, 88 
Dioxoloisoqumoline, 251, 369 
Dioxopenthiazolidine, 277 
Dioxopyrrolidine, 60 
Dioxotetrahydrofuran, 22 
Dioxotetrahydrofurandicarboxylic acid, 
22 

Dioxotetrahydroisoquinoline, 256 
Dioxotetrahydronaphthalene oxide, 12 
Dioxotetrahydropyridaaine, 284 
Dioxotetrahydroquinazoline, 296 
Dipentadecyloxadiazole, 164 
Diphenacylmethylpiperidine, 224 
Diphenanthracridine, 259 
Diphenic acid anhydride, 326 
Diphenic acid imide, 326 
Diphenoxydiphenanthry] peroxide, 447 
Diphenylacetylhydrazyl, 441 
Diphenylacridyl, 406 
Diphenylamiiie sulfoxide, 279 
Diphenylaininoindazole, 116 
Diphenylaminobxazoline, 138 
Dipheiiylamiiiotriazine, 818, 319 
Diphenylaminotriazole, 160 
Diphenylanilinodihydrotriazole, 166 
Diphenylanisylmethylchromenyl, 407 
Diphenylanthraoene, 414 
Diphenylbenzidine, 436, 438 
Diphenylbenaopyranoi, 184 
Diphenylbonzopyrylium chloride, 182 
Diphenylbenzoylhydrazyl, 441 
Diphenylbenzylchromenyl, 407 
Diphenylbiimidazolone, 131 
Diphenylbioxadiazole, 164 
Diphenylbiphenoquinonediimoniura sul¬ 
fate, 436 

Diphenylbiphenylylmethyl, 401 
Diphenylbithiadiasole, 166 
Diphenylbromonaphthylraethyl, 402 
DiphenylbutanebiMipheii 5 dmethyl, 414 
Diphenylbutylmethyi, 409 
Diphenylcarboxytetrazolium chloride, 

174 

Diphenylchloropheiiylhydrasyl, 440 
Diphenylohlorotriasuie, 818 
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Diphenylohlorotria«ole, 156 
Diphenylcinchoninio acid, 242 
Diphenyldiarsine, 317 
Diphenyldiazomethane, 443 
Diphenyldibenzodiazocine, 328 
Diphenyldicarbethoxypropane, 414 
Diphenyldicarboxybenzodijiyrazolone, 
118 

Diphenyldihydrofuran, 22 
Diphenyldihydrophenaziiie, 307 
Diphenyldihydropyrazine, 298, 299 
Diphenyldihydropyrindene, 237 
Diphenyldihydrotetrazepinedione, 327 
Diphenyldihydrotetrazine, S2S, 324 
Diphenyldihydrotriazinedione, 320 
Diphenyldihydrotriazone, 319 
Dipheny Idime thy Ibi triazole, 167 
D iph enyId imethyIdihydropyraz i ne, 298 
Diphenyldimethylpyrazine, 298 
Diphenyldimethyltetrahydropyrone, 1 SO 
Diphenyldiphenoquinoxaline, 328 
Diphenyf disulfide, 452, J^S 
Dijihenylditolylhydrazine, 436 
Diphenylene disulfide, 270 
Diphenylene oxide, 61 
Diphenylene sulfide, 61, 86 
Diphenylene sulfone, 86 
Diphenylenimine, 86 
Diphenyletbinyltotraphenyletlmne, 408 
Diphenylethylene, 414 
Diphenylfluorindine, 315 
Diphenyl furan, 16 
Diphenylfurazan, 160 
Dipheny If uroxan, 162 
Diphenylhexahydropyriinidine, 291 
Diphenylhydroxypyrazolidone, 111 
Diphenylimidazole, 127^ 128, 137 
Diphenylimidazolethiol, 128 
Diphenylimidazolone, 131 
Diphenylindigo, 84 
Diphenylindole, 62, 6S 
Diphenylindone sodium, 420 
Diphenylisonicotinic acid, 215 
Diphenylisoxazole, 119 
Diphenylmethanebisdiphenylmethyl, 413 
Diphenylmethane sulfone, 194 
DiphenyImethyl, 406 
Diphenylmethylboiizeneazopyrazole, 97 
Diphenylmethylbipyrazole, 109 
Diphenylmethylethylimidazole, 126 
Diphenylmethylimidazoline, 130 
Diphenylmethylisopropylbenzofuran, 63 
Diphenylmethylpyrazole, 92 ,96 
DiphenyImethylpyrazoleoarboxylie acid, 
100 

Diphenylmethylpyrazoleindigo, 105 
DiphenyImethyltriazine, 318 
Diphenylnaphthylohromenyl, 407 
Diphenylnaphthylmethyl, 402 
Diphenylnaphthylmethyl peroxide, 402 
Diphenylnitric oxide, 425,427 
Diphenylnitrogen, 434 
Diphenyinitroindazold, 115 


Diphenyloxadiazole, 160, 168, 164, 325 
Diphenyloxadiazole oxide, 163 
Diphenyloxazole, 128, 137 
Diphonylphenoxyniethyl, 421 
Diphenylphenylinuiiothiadiazoline, 166 
Diphenylpiperazine, 299 
Diphenylpiperaziriedioiie, 79, 299 
Diphenylpipcridino, 222 
Diphenylpyrazine, 297, 298, 299 
Diphenylpyrazinone, 299 
Diphenylpyrazole, 95 
Diphenylpyrazolecarboxylic acid, 99, 100 
Diphenylpjrrazoledione, 105 
Diphenylpyrazoline, 102 
Diphenylpyrazolone, 105, 108, 111 
Diphenylpyridazine, 283 
Diphenylpyridine, 205 
Diphonylpyridinecarboxylic acid, 205 
Diphonylpyridone, 209 
Diphenylpyrone, 179 
Diphenylpyrrolidine, 49 
Diphenylquinolylmethano dyes, 240 
Diphenylquinoxaline,, 300, 302, 303 
Diphenylselenadiazole, 165, 166 
Diphenylselenophene, 28 
Diphenylsulfonylbenzimidazoline, 136 
Diphenyltetrabenzylethane, 410 
Dipheny] tetrahydropyrone, 180 
Diphenyltotrahydropyronedicarboxylic 
acid, 180 

Diphenyltetrahydroquinoxalino, 303 
Diphenyltetrahydrotetrazepinone, 327 
Diphenyltetrazine, 172, 324, 325 
Diphenyltetrazole, 172, 174 
Diphenyltetrazoliuin chloride, 174 
Diphenyltetrazoliurn hydroxide, 174 
Diphenylthiadiazole, 165, 166 
Diphenylthiapyranone, 193, 194 
Diphenylthiapyrono, 194 
Diphenylthiazole, 140 
Diphenylthienylmethanol, 27 
Diphenylthioindigo white, 422 
Diphenylthionine chloride, 280 
Diphenyl thiophene, 23, 26 
DiphenyItolylmethyl, 401 
Diphenyltriazine, 318 
Diphenyltriaziiiocarboxylie acid, 318 
Diphenyltriazinol, 318, 319 
Diphenyl triazole, 148, 166, 172 
Diphenyltriazolecarboxaldehyde, 148 
Diphenyl triazoletliione, 158 
Diphenyltriazolol, 150 
Diphenyltriazolone, 160 
Diphenyltrinitrophenylhydrazyl, 439, 440 
Diphenylvinylxanthyl, 406 
Diphcnylxanthene, 189 
Diphenylxenylmethyl, 401 
Dipicolinic acid, 2l6 
Dipiperidylethane, 222 
Dipiperidylpropano, 222 
Dipiperidyltetrazone, 221 
Dipropyloxadiazole, 164 
Dipyridacridine, 262 
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Dipyridinium radicals, 425, 429 
Dipyridonium radicals, 429 
Dipyridylamine, 208 
Dipyridylurea, 207 
Dipyrroyl, 31 
Dipyrryl ketone, 31, 36 
DipyiTylmethane, 34 
Dipyrrylrnethene, 35 
Diquinacridine, 263 
DiQiiinolylmethane, 234 
Diquinolylquinoline, 234, 241 
Diquinoylmethane, 235 
Disulicylide, 327 
Distyrylpyridine, 206 
Dithiadiazoledisulfide, 168 
Dithiane, 270 
Dithiazine, 322 

Dithiazolylphenylmethane, 141 
Dithienyl, 24, 26 
Dithienylethane, 26 
Dithionylethylene, 26 
Dithienyl ketone, 24, 27 
Dithienylmethano, 24, 26 
Dithienylphonylinethane, 26 
Dithioaryl nitrogens, 433, 443 
Dithiolanethione, 88 
Dithiourazole, 169, 167 
Ditolylenimine, 87 
Ditolylnitric oxide, 426 
Ditolylnitrogen, 434 
Ditolyltetrazine, 324 
Ditrityl, 413 
Ditrityl butane, 414 
Ditritylyldicarbethoxypropane, 414 
Ditritylethane, 413 
Ditritylmethane, 413 
Divicine, 290 

Divinyltetramethylporphinedipropionic 
acid, 44 
Dixanthyl, 189 
Dixanthyls, 410 

Dixanthyldicarboxylic acid, 189 
Dixanthylone, 414 
Dixanthylurea, 190 
Dixenylbutylmethyl, 410 
Duhoiaia myoporoides, 340 
Dyes, fluorescein, 190 
Dyes, r hod amine, 190 
Dyes, rosamine, 190 

£ 

Ecgonine, 50, 225, 342, 344, 345, 346 

Ecgonine ethyl ester, 346 

Ecgonine methyl ester, 344, 347 

Ecgoninic acid, 50, S4S 

Echinopsine, 349 

Echinops ritro, 349 

Edestin, 50 

Ehrlich's reagent, 30 

Emetamine, 376 

Emetine, 376, 377 

Endoiminodihydrotriasole, ,156 


Endodxy dihydro triazole, 156 
Endothiodihydrotriazole, 156 
Ephedrine, 329 
Epilupinine, 340 
Epiosin, 134 
Ergot, 129, 383 
Ergotamine, 383 
Ergotaminine, 383 
Ergotinine, 383 
P>gotoxine, 383 
Eriodictyol, 189 
Eriodictyon californicum, 189 
Erythroxylon coca, 344 
Esculetin, 51 
Ethenylarninophenol, 139 
Ethenylbenzenylazoxime, 163 
Ethenyltetramethylenamidine, 326 
Ethoxybenzofuran, 63 
Ethoxybenzothiazole, 145 
Ethoxy benzoxazole, 139 
Ethoxydiaminoacridine lactate, 260 
Ethoxy dimethoxyflavanone, 185 
Ethoxylepidine, 239 
Ethoxylutidine, 209 
Ethoxy methyl benzimid azole, 136 
Ethoxyphenanthroxyl, 446, 447 
Ethoxypyridine, 209 
Ethoxypyronedicarboxylic acid, 217 
Ethoxyquinoline, 239 
Ethyl, 388, 41^ 

Ethylaininoacridine, 260 
Ethylarninophenylindole, 66 
Ethylaminothiatriazole, 169 
Ethylbenzoxazolone, 139 
Ethylcarbazole, 87 
Ethylchlorophthalazine, 286 
Ethyldihydroacridine, 260 
Ethyldihydrobenzodiazepinone, 327 
Ethyldimethylbenzimidazole, 133 
Ethyldimethylpyrazole, 94, 95 
Ethyldimethylpyrrolo, 32 
Ethyldimethylpyrrolecarboxaldehyde, 33 
Ethylenebenzainidine, 130 
Ethylene ethylidene disulfide, 88 
Ethylene ethylidene ether, 88 
Ethylene oxide, ^,12 
Ethylenepseudoselenourea, 146 
Ethylenepseudourea, 142 
Ethylene sulfide, 12 
Bthylenethiourea, 14 
Ethylenetrimethylenediamine, 326 
Ethyleneurea, 14 
Ethylenimine, 3, 12 
Ethylhexahydroaniline, 71 
Ethylhydrocarbostyril, 327 
Ethylhydrocupreine, 355 
Ethylhydroxyisocarbostyril, 254 
Ethylidenetrimethylindoline, 66 
Ethylimidazole, 127 
Ethylimidazoline, 130 
Ethylindazole, 115 
Ethylindazolone, 117 
Ethylindolet 65 
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Ethylindoxyl, 70 
Ethylindoxylic acid, 70, 76 
Ethylisatin, 66, 76 
Ethylisatin ethyl oxime. 76 
Ethylisocarbostyril, 261, IB6S 
Ethylisoquinoline, 261 
Ethylmercaptopyrimidine, 289 
Ethylmercaptothyminecarboxa dehyde 
diethylaoetal, 291 . 
Ethylm^hylbromopyrrylmethylene- 
dimethylethylpyrrolenine, 42 
Ethylmethylfuraxan, 160 
Ethylmethylimidazole, 127 
Ethylmethyloxalimide chloride, 128 
Ethylmethylpiperidine, 223 
Ethylmethylpyrazole, 94 
Ethylmethylpyridine, 205 
Ethylinethylpyrrole, S£, 43 
EthylmethylpyrroleproiHonic acid, 38 
Ethylmethyltetrahydropyridine, 219 
Ethylnicotinic acid, 216 
Ethyloxindolo, 72 
Ethylphonarithridine, 264 
Ethylphenazinium iodide, 310 
Ethylphenylrnethylpyrazolone, 106 
Ethylphenylpyrazole, 94 
Ethylphthalazine, 286 
Ethylphthalazone, 287 
Ethylpicolinic acid, 204 
Ethylpiperidine, 221, 
Ethylpiperidinecarboxaldehyde, 224 
Ethylpiperidine^thanol, 224 t 

Ethylpiperidinemethanol, 213, !S^4, 334 
Ethylpyridine, 204 , 205, 212, 342 
Ethylpyridinediol, 210 
Ethylpyridinemethanol, 212 
Ethylpyridone, 209 
Ethylpyrimidine, 289 
Ethylpyrrole, 31, 32 
Ethylpyrrolidine, 49 
Ethyl pyrryl ketone, 36 
Ethylquinoline, 232 
Ethylquinolinium iodide, 230, 232, 238 
Ethylqilinolone, 235 
Ethylquinuclidine, 224 
Ethyl rod, 236 

Ethyltotrahydroisoquinoline, 255 
Ethyltetrahydropyridine, 219 
Ethyltetrahydropyridinecarboxaldehyde, 
220 

Ethyltetrazole, 172 

Ethylthiophene, 27 

Ethyltriazolethiol, 156 

Ethyltrimethylpyrrole, 32 

Etioporphyrin, 41, 42, 43, 44, 46, 47 

Eucaine, 226 

Eucodal, 360 

Eucupine, 356 

Euphthalmine, 223 

Euporphine, 359 

Eurhodine, 303, 308 

Eurhodol, 308, 309 

Euxanthinio acid, 191 


Euxanthone, 191 
Evodiamine, 378 
Evodia rutaecarpa, 378 

F 

Fiehe reaction, 19 
Fischer’s indole synthesis, 32 
Fisetin, 186, 188 
Flavaniline, 233 
Flavanone, 185, 188 
Flavanthrene, 307 
Flavanthrine, 307 
Flavene, 181 
i Flavenol, 233 
Flavianic acid, 129 
Flavindiilinc, 310, 312 
Flavone, 185, 187 
Flavonol, 55, 186, 188 
Ilavylium chloride, 182 
Flavylium compounds, 181 
Flower pigments, 182 
Fluoflavin, 302 
Fluoran, 190, 193 
Fluorenequinoline, 248 
Fluorenyls, 404 
Fluorirne, 100 
Fluorindine, 315 
P'luorone, 190 
Fluorubine, 302 
Formoguanamine, 318 
h\)rniylcryptopyrrolecarboxylio acid, 35 
Formyldihydroxypyridinecarboxylic 
acid. 217 

Formylfuroic acid, 20 

Formylhemopyrrolecarboxylic acid, 35 

Formylincthylpyrrolepropionio acid, 35 

Fonnylopsopyrrolecarboxylic acid, 36 

Formylpyrrole, 32 

Fructofuranose, 22 

Fulminates, 422 

Fumarimide, 196 

Furaldehyde, 7, 16, 17 

Furaldoxime, 20 

Furan, 14, 15, 16, 22, 75, 89, 90 

Furanacrolein, 18 

Furanacrylic acid, 18 

Furandicarboxylic acid, 20, 21 

Furanethylamine, 17 

Furanmethanol, 16 

Furanmethylamine, 17 

Furanosos, 177 

Furanpropionic acid, 17, 18 

Furazan, 6, 89, 160 

Furazancarboxylic acid, 161 

Furazandicarboxylie acid, 161 

Furazanpropionic acid, 161 

Furfur, 17 

Furfural, 7, 17 

Furfuraldoxime, 17 

Furfuran, 16 

Furfurin, 19, 130 

Furfuryl alcohol, 16 
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Furfurylbutyric acid, 18 
Furfurylideneacetone, 18 
Furfurylideneacetophenone, 18 
Furfurylideiiebutyric acid, 18 
Furfurylidenediacetophenone, 18 
Furfurylidenelevulinic acid, 18, 52 
Furfurylidenernalonic acid, 18 
Furfurylidenesuccinio acid, IS 
Furil, 18 
Furilic acid, 18 
Furodiazole, 160 
Furoic acid, 16, 17, 21 

Furoin, 17, 18 
Furonaldehyde, 18 
Furonic acid, 18 
Furonitrile, 17, 20 
Furoxan, 101 

Fiiroxancarboxylic acid, 162 
Furoxandicarboxaldehyde, 162 
Furoxandicarboxylic acid, 162 
Furoylacetic acid, 19, 22 
Furoylglycine, \7, 20 
Furylacetic acid, 21 
Furylacctone, 19 
Furylangelic acid, 18 
Furyl methyl ketone, 19 
Furyl tetrazole, 172 
Furylvaleric acid, 18 

G 

Galanga root, 188 
Galangin, 188 
Galipea cusparia, 350 
Galipine, 239, S50 
Oalipoline, 360 
Gallocyanine, 276 
Gallocyanino dyes, 276 
Gelatin, 49, 60 
Genistoine, 339 
GetiHaiia lutea, 191 
Gontisein, 191 
Gentisiii, 191 
Glaucine, 371 
Glaudum Ivteum, 371 
Glauconic acid, 243 
Gliadin, 49 
Glucofuranose, 22 
Glucose, 177 

Olutaconimide, 196, 206, 208, 210 
Glutaric anhydride, 4, 176 
Glutarimide, 5 
Glutassino, 211 
Glycocyamidines, 131 
Glycosine, 127 
Glyoxaline, ^^7 
Glyoxaline red, 131 
Glyoxalosotetrazine, 323 
Gnoscopine, S66, 368 
Goldschmidt-Schlenk principle, 439 
Granatal, 349 
Grauatonine, 269, 348 
Grape sugar, 127 


Guanazine, 159 
Guanazole, 159 
Guvacine, 331, 332 
Guvacoline, 332 

H 

Harmaline, 330, 377 

Harmalol, 377 

Harman, 377 

Harmeline, 266 

Harmine, 266, 330, 377, 378 

Harmol, 377 

Harmyrine, 266 

Hematinic acid, 38, 39 

Hematoporphyrin, 46 

Hematoxylin, 192 

Hemin, 33, 38, 40, 41, 42, 44, 46 

Hemipyocyanino, 309, 313 

Hemlock, 332, 334 

Hemoglobin, 38, 129 

Heindj^rrole, 32, 33 

Hemopyrrolecarboxaldehyde, 36 

Hemopyrrolecarboxylic acid, 37, 39, 40 

Hemp, 331 

Henbane leaves, 340 

Herapathite, 361 

Heroine, 358 

Ilorzynine, 130 

Hesperidin, 189 

Hosporitin, 189 

Hexacyclohexyldistannano, 424 
Hexftliydroazepine, 326 
Hexahydroazepinone, 326 
Hexahydrobenzodipyrazolone, 118 
Hexahydrobenzoquinolizine, 246 
Hexahydrobrucine, 380 
Hexahydrocarbazole, 88 
Hexahydrocinchorneronic acid, 224, 225, 
353 

Hexahydrocyclopentaquinoline, 266 
Hexahydrodiazepiiie, 326 
Hexahydrodibenzofuran, 85 
Hexahydrohomophthalimide, 266 
Hexahydrolutidinedicarboxylic acid, 218 
Hexahydrometanicotine, 337 
Hexahydronaphthoxazine, 274 
Hexahydronicotine, 337 
Hexahydropyrazine, 297, 299 
Hexahydropyridine, 220 
Hexahydroquinoline, 230, 244, $43 
Hexahydroquinolinic acid, 224 
Hexahydroxyflavylium chloride, 182 
Hexamethoxydiphenylnitric oxide, 427 
Hexamethyl^stannane, 424 
Hexamethylenimine, 220 , 326 
Hoxaphenylethane, 388, 390, 401 
Hexaphenylailicoethane, 423 
Hexaphenyltetrazane, 489 
Hexoses, 19, 22, 127 
Hirautidin chloride, 182 
Histamine, 128 ,129 
Histidine, 7,124, 128 ,129 
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Histidine peptides, 129 
Homatropine, 341 
Homodncholoipone, 366 
Horaoeriodictyol, 189 
Homofumarimide, 196 
Homomyristicylamine, 368 
Hornophthalimide, 262, 255 
Homopilopic acid, 378 
Horaopiperazine, 326 
Homopiperidinic acid, 220 
Hordenine, 329 
Hydantoin, 68 , 131 
Hydrastine, 249, 256, S68, 374 
Hydrastinic acid, 369 
Hydrastinine, 369 
Hydrastinine hydriodide, 264 
Hydrastiniriol, 369, 371 
Hydrastis canadensis, 368, 374 
Hydrazinium salts, 425,431 
Hydrazinobenzoic acid lactazam, 117 
Hydrazinolepidine, 237 
Ilydrazinolutidine, 208 
Hydrazinonicotinic acid, 214 
Hydrazinopyridino, 174, W8 
Hydrazinopyrine, 107 
Hydrazinoquinaldiuo, 237 
Hydrazinoqxiinoline, 237 
Hydraziriotetrazole, 173 
Hydrazipyrazolonecarboxylio acid, 109 
Hydrazo benzene, 451 
Hydrazolepidine, 237 
Hydrazoquinoline, 236, 237 
Ifydrazotetrazole, 173 
Hydrazulrninc, 14 
Hydrazyls, 389 
Hydrindantin, 419 
Hydrine, 330 
Hydroantipyrine, 111 
Hydroboiizimidazole, 135 
Hydrobromoscopoline, 344 
Hydrocarbostyril, 226, 24 S 
Hydrooinchonidine, 362 
Hydrocinchonine, 351,352 
HydrocoumariUc acid, 54 
Hydrocupreine, 353 
Hydroecgonidine, 345, 346 
Hydroecgonine amide, 345 
Hydrofuramide, 17, 19 
Hydrofuronic acid, 18 
Hydroglauconic acids, 243 
Hydrohydrastinine, 251, 369 
Hydroisocarbostyril, 255 
Hydron blue dyes, 87 
Hydroqiiinidine, 352 
Hydroquinine, 352 
Hydroquinoxaline, 301 
Hydrotropidine, 343, 343 
Hydrotropilidenecarboxylic acid, 346 
Hydroxyantipyrine, 108 
Hydroxybenzofuran, 62 
Hydroxybenzopyrylium salts, 181 
Hydroxybenzoquinoline, 237 
Hydroxyberberine, 372, 373,*374 


Hydroxybinaphthylene oxide, 449 
Hydroxybinaphthyl ether, 450 
Hydroxycarbostyiil, 239 
Hydroxychlorolepidine, 216 
Hydroxychlororaphine, 309 
HydroxycliromoJie, 187 
Hydroxycinchoaidine, 352 
Hj^droxycinchoiiinic acid, 242 
Hydroxycinnolinecarboxylic acid, 285 
Hydroxy codeine, 360 
Hydroxycodeinone, 363 
Hydroxycotarnine, 367 
Hydroxycytosine, 349 
Hydroxydiethylphenylq\imoline, 356 
Hydroxydiethylphenylquinoliiiol, 350 
Hydroxydihydrociuchoninc, 352 
Hydroxy dihydropyridine, 201 
j Hydroxydihydroquinoline, 231 
Hydroxydihydroqninoxaline, 301, 303 
Hydroxy dihydrothiapyraricarboxylic 
acid, 193, 194 

Hi^droxydiniothylnicotinic acid, 199 
Hydroxydiphonvlacetic acid lactoqe, 52, 
54 

Ily droxydipheny Ipy razulone, 105 
Hydroxydipicolinic acid, 209, 217 
Hydroxyflavone, 186 
Hydroxyfurfural, 17 
Hydroxyiruidazoleproinonic acid, 129 
Hydroxyindole, 69 

Uydroxyiudolecarboxylic acid, 67, 69, 
7J,81 

Hydroxyindolono, 73 
Hydroxyisatin, 73 
Hydroxyiaatoxiinc, 73 
Hydroxyisocarboatyril, 262, 253 
Hydroxyisoquinolinecarboxylic acid, 253 
Hydroxylaminomandelic acid anhydride, 
73 

Hydroxylepidinic acid, 217 
Hydroxylupaniiie, 339 
Hydroxymethyldirnethylpyridiiioftthanol, 
212 

Hydroxymethylfurfural, 19 
Hydroxymethylimidazolo, 128, 129 
Hydroxymeth^drnethylquinoliiieCthanol, 
232 

Hydroxymethylmorphimethine, 360 
Hy d r oxy methy Ipy ridineS thanol ,212 
Hydroxymethylquinolineftthanol, 232 
Hydroxymethylthiazolecarboxylic acid, 
142 

Hydroxyniothylthiophene, 23, 27 
Hydroxynaphthoquinolino, 247 
Hydroxynapb thyIdipheny 1 methyl, 403 
Hydroxy nicotinic acid, 178, 209, 214, 217 
Hydroxynitrobenzisoxazole, 122 
Hydroxyoxadiazinedicarboxylic acid, 322 
Hydroxyoxindole, 66, 72, 73, 74, 75, 78, 
83 

Hydroxyoxindolecarboxylic acid, 73 
Hydroxyoxocyclohexadienylidenepseudo- 
indoxyl, 77 
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Hydroxyphonanthrofuran, 360 
Hydroxyphenazine, 308, S09, 313 
Hydroxyphenothiazine, 281 
Hydroxypheiiothiazone, 282 
Hydroxyphenoxazinie, 277 
Hydroxyphenoxazone, 275, 276 
Hydroxyphenylacetic acid lactone, 63 
Hydroxyphenylbenzoxazole, 139 
Hydroxyphenyldiphenyltetiazolium 
chloride, 174 

Hydroxyphcnylglyoxylic acid lactone, 55 
Hydroxyphenyliiidole, 71 
Hydroxy phenylinethylpyrazolone, 106, 
108 

Hydroxyphenylmethylquinoline, 233 
Hydroxyphenylpyridazine, 283 
Hydroxyphenylquinolinecarboxylic acid, 
229 

Hydroxypicolinic acid, 209, 217 
Hydroxyproline, 7 ,60 
Hydroxypseudoindoxyl, 73 
Hydroxypseudoindoxylcarboxylic acid, 73 
Hydroxypyrazole, 107 
Hydroxypyrazolecarboxylic acid, 109 
Hydroxypyrazoledicarboxylic acid, 98 
Hydroxypyridiiie, 177 
Hydroxypyridinecarboxylic acid, 217 
Hydroxypyridinedicarboxylic acid, 180, 
217 

Hydroxypyrimidiiie, 288, 289, 291 
Hydroxypyrimidinocarboxaldehyde, 289, 
291 

Hydroxypyrimidinecarboxylic acid, 290 
Hydroxypyrone, 179 
Ilydroxypyronecarboxylic acid, 180, 217 
Hydroxypyronedicarboxylic acid, 180, 
358 

Hydroxypyrrolidinecarboxylic acid, 60 
Hydroxyquinacridone, 263 
Hydroxyquinaldine, 227, 239 
Hydroxyquinazoliiie, 292, 293 
Hydroxyquinoline, 226 
Hydroxyquinolineacetic acid, 243 
Hydroxyquinolinocarboxylic acid, 68,238, 
242, 243 

Hydroxy quinolinic acid, 209, 217 
Hydroxyquinolinium bases, 230 
Hydroxyquinoxalinecarboxylic acid, 302 
Hydroxyrubane, 356 
Hydroxysparteine, 339 
Hydroxytetrazole, 172 
Hydroxythianaphtheneainine , 69 
Hydroxythianaphthonecarboxaldehyde, 

58 

Hydroxythianaphthonecarboxylic acid, 
67,68 

Hydroxythiophene, 27 
Hydroxythiotolene, 27 
Hydroxytriazole, 148, 160, 156 
Hydroxytriazolecarboxylic acid, 160, 158 
Hydroxytriasoledicarboxylio acid, 152 
Hy droxy triohlorobensotriasole, 149 


Hydroxytrichlorometh 3 dbeazofurancar- 
boxyUc acid, 54 

Hydroxytrimethyldihydroquinoline, 243 
Hydroxytriphenylmethyl, 403, 404 
Hydroxyxauthene, 189 
Hy droxy xanthono, 189 ,191 
Hygrine, 49,551,345 
Hygrinic acid, 4^, 331, 337 
Hyoscine, 340 ,343 
Hyoscyamine, 340, 341, 344 
Hyo8cyamu9 albus, 340 
Hyoscyamua niger, 340 
Hypacoriitine, 383 
Hypoxanthine, 290 

I 

Imabenzil, 128 
Irnesatins, 75 

Imidazole, 6, 89,124 ,127, 128, 129 
Imidazoleacetic acid, 129 
Imidazolecarboxylic acid, 129 
Imidazolochloromalonic ester, 129 
Imidazolechloropropionic acid, 129 
Imidazoledioarboxylic acid, 128, 132, 133 
Irnidazolefithylamine, 128, 129 
Imidazolelactic acid, 129 
Imidazolepropionic acid, 129 
Imidazolesulfonic acid, 128 
Imidazolethiol, 125,127 ,128 
Imidazolidone, 14 
Imidazoline, 130 
Imidazolone, 131 
Imidazopyridine, 269 
Iminobenzothiazoline, 144, 146 
Iminobenzoxazoline, 139 
Iminocoumazone, 273, 278 
Imino(;oumothiazone, 278 
Iminodibonzyl, 326 
Iminodihydrobenzothiazine, 278, 294 
Iminodihydrobenzothiazone, 278 
Iminodihydrobenzoxazine, 273, 296 
Iminodihydropyridine, 269 
Iminodihydropyridineacetic acid, 269 
Iminodihydrquinoline, 236 
Iminodihydrothiadiazine, 322 
Iminodithiazolidinethione, 166 
Iminoglutarimide, 211 
Iminoisophenothiazine, 280 
Iminodxadiazoline, 164 
Iminooxazolidine, 138 
Imiiiopyrazolone, 105 
Iminopyrine, 106, 107, 109 
Iminotetrahydrosolenazole, 146 
Iminothiadiazolidone, 167 
Iminothiadiazoline, 167 
Iminothiadiazolinethiol, 167 
IminothiazoUdone, 143 
Iminothiazolidoneacetic acid, 143 
Iminothiazoline, 141 
Iniinothiourazole, 159 
Immedial black, 282 
Immedial pure blue, 282 
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Indamine, 279, 308 
Indaiione oxitne, 245 
Indanthreue, 306 
Indazine, 815 
Indazole. 115,117 

Indazoleaoetic acid, 117 
Indazolecarboxylic acid, 117 
Indazoledicarboxylic acid, 117 
Indazoletriazolene, 116 
Indazolol, 115 ,117 
Indazolone, 117 
Indenoquinoline, 247, 2^8 
Indian yellow, 191 
Indiazene, 112 
Indiazone oxime, 112, IIS 
Indican, 69, 78 

Indigo, 61, 62, 67. 69, 70. 71. 73. 74, 76, 
77, 78 ff., 81, 267. See ^so Indigotin 
Indigo brown, 78 
Indigo carmine, 84 
Indigodiirnine, 83 
Indigofera apeciea, 78 
Indigofer a tinctoria, 78 
Indigo gluten, 78 
Indigoid dyes, 77 
Indigoimine, 83 
Indigo purpurin, 84 
Indigo red, 78, 84 
Indigosulfonio acid, 70 
Indigotin, 78. See also Indigo 
Indigotindicarboxylic acid, 84 
Indigotindisulfonic acid, 84 
Indigotintetrasulfonic acid, 84 
Indigo white, 78, 8 S 
Indigo yellow, 84 
Indirubin, 70, 73, 77, 84 
Indogen group, 70 
Indogenides, 58, 70 

Indole. 7, 61, 61, 64. 65, 66, 67. 71. 78, 104 

Indoleacetic acid, 67 

Indolealdoxime, 67 

Indolecarboxaldohyde, 62, 07, 68 

Indolecarboxylic acid, 62, 67, 70, 71, 266 

Indolenine, 62, 63 

Indolepropionio acid, 67, 69 

Indoline, 63, 71 

Indolizine, 268 

Indolone, 63,69 ,72 

Indoloquinazopyridine, 10 

Indoloquinoxaline, 304 

Indolylalanine, 67 

Indolyl ethyl ketone, 67 

Indolylmagneeium bromide, 66, 67 

Indolylmagnosium iodide, 62, 65, 67 

Indolyl methyl ketone, 67 

Indolyl phenyl ketone, 67 

Indone chloride, 309 

Indophenazine, 75, 304 

Indophenine, 75 

Indophenine reaction, 23, 25 

Indoxanthine, 73 

Indoxanthinic acid, 69 

Indoxazene, 121, 122 


Indoxin, 71 

Indoxyl, 59. 61. 69, 70, 76#., 84. 267 
In doxy 1 brown, 78 
Indoxylcarboxaldehyde, 69, 82 
Indoxylcarboxylic acid, 73,80 
Indoxylic acid, 69, 76, 80, 267 
Indoxylsulfuric acid, 69 
Induline, 303, 308 
lodoacridine, 262 
lodoethylpyridine, 212 
lodohydroxyquinolinesulfonic acid, 237 
lodoindazole, 116 
lodoindole, 66 
lodole, 30, 33 

lodomagnesium kotyls, 416, 419 
lodomagnesiurn pinacolates, 419 
lodomethylpyridinium iodide, 211 
lodomethylquinolinium iodide, 235 
Iodoiiicot 3 Tine, 338 
lodopyrazolo, 96 
lodoquinoline, 235 
lodothiophene, 25, 26, 27 
lodotriazole, 155 
lodotriphenylmethyl, 402 
Ipecac, 376 

Isatio acid, 75, 117, 227, 267 

TQfktlHA id.10 

Isatin, 25, 59, 70. 71, 72. 73, 74ff>, 83,84 

Isatin anil, 75, 76,77, 80,84,109 

Isatin chloride, 70, 76, 77,80,84 

Isatin dianil, 76 

Isatinic acid. See Isatic acid 

Isatin phenylhydrazone, 76 

Isatin semicarbazone, 76 

laaiis tinctoria, 78 

Isatogcn, 73, 74 

Isatogencarboxylic acid, 69, 74, 80 
Isatogenic acid, 74 
Isatoic acid anhydride, 76 
Isatoid, 75 
Isatoxime, 72, 7d 
Isatyde, 73, 7S 
Isoamarine, 130 
Isoamylhydrocupreinc, 356 
Isoamyl piperidine, 221 
Isoamylpyrrole, 31 
Isobenzalphthalide, 253 
Isobenzalphthaliniidino, 253 
Isobutylchlorophthalazine, 286 
Isobutyl phthalazone, 287 
Isocarbazole, 11 
Isocar bostyril, 251, 2S3 
Isocarbostyrilcarboxylic acid, 253 
Isocinchomoronic acid, 216 
Isocinchonidine, 362 
Isocinchonine, 352 
Isocodeine, 360 
Isocorybulbine, 374, 375 
Isocorydine, 371 
Isocoumarin, 184, 250, 253 
Isocoumarincarboxylic acid, 263 
Isocyanilic acid, 162 
Isocyanine dyes, 231, 234 
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Isocyanuric acid, 319 
Isodehydroaoetic acid, 178 
Isoflavone, 187 
Isoindigo, 73, 84, 267 
Isoindogenides, 73 
Isoindole, 85 

Isoindolobenzimidazole, 134 
Isoindolobenzimidazolone, 134 
Isoisatogen, 74 
laoiaatoxime, 75 
Isomelamine, 318 
Isomorphino, 359 
Isonicotinamide, 207 
Isonicotinic acid, 204, 213, 214, ^16, 377 
Isonicotinic acid ethylbetaine, 215 
Isonibriles, 422 
Isonitrosobenzofurarione, 273 
Isonitrosocinchotoxine, 355 
Isonitrosopyrazolone, 104 
Isonitrosopyrrole, 34 
Isonitrosothioindoxyl, 59 
IsonitroBotriazolone, 160 
Isonitroaotrimethyli)iperidi n e, 223 
Isonitrosoviny Iquinucl i di n e, 363 
IsoSctylhydrocupreine, 360 
Isopelletierine, 335 
Isophenosafraniue chloride, 312, 314 
Isopilocarpine, 378 
Isoprene, 48 

Isopropylidenernethylisoxazolone, 121 
Isopropylidenetrimethyliudolino, 66 
Isopropylisocarbostyrii, 253 
Isopropyloxindole, 72 
Isopropylpropenylbarbituric acid, 108 
Isopropylpyridine, 205 
Isopropyl pyrrole, 29, 32 
Isopropylquinoline, 232 
Isopropylquinoxaline, 301 
Isopropylthiophene, 24, 25 
Isoprotopine chloride, 375 
Isoquinidine, 352 
Isoquinine, 352 

Isoquinoline, 213, 214, 215, 249, S51, 262 

Isoquinolinecarboxylic acid, 264 

Isoquinolinediol, 263 

Isoquinolinedione, 250, 256 

Isoquinoline oxide, 261 

Isoquinoline red, 262 

Isoquinoline sulfonic acid, 252 

Isoquinolinol, 252, ^53 

Isoquinolone, 253 

Isoquinophthalone, 233 

Isorosindone, 313 

Isorosin duliiie, 310, S13 

Isosparteine, 339 

Isostrychnio acid, 379 

Isostrychnine, 379 

Isosuberonoxime, 327 

Isothiozole, 6, 89, 1S3 

laotriazoxole, 162 

Isptropylamine, 346 

Isoxanthene, 11 

Isoxaasole, 5, 80, IIB, IW 


laoxazoline, 120 
Isoxazolonecarboxylic acid, 121 
Isoyohimbic acid, 382 
Isoyohirnbine, 382 

J 

Jasmine oil, 62 
Jatrorrhizine, 309, 374 
Johimpava, 381 
Julole, 246 
Julolidine, 246 
Julolidinedione, 246 
Juvenine, 381 

K 

Kaempferitrin, 188 
Kaernpferol, 186, 188 
Kairine, 244 
Kairoline, ^44, 245 
Ketine, 297 
Ketomebhylenes, 445 
Ketoiiiethyls, 408 
Keiyls, metallic, 388 
Knorr’s reaction, 93 
Kynurt'nic acid, 68, 239, ^4^ 

Kyimrino, ^39, 242 

L 

Lackrot Ciba B, 81, 84 

Lactazam of hydrazinobenzoic acid, 117 

Lactiniide, 299 

Lactoflavin, 392 

Lactyltropeine, 341 

Larkspur tubers, 374 

Laubenheimer reaction, 25, 28 

Laudanidine, 358, 366 

Laudanirie, 358, 366 

Laudanosine, 255, 266, 358, 366, 369 

Laurototanine, 372 

Lauth’s dyes, 279 

Lauth’s violet, 280 

Lead di aryls, 424 

Load triaryls, 424 

Lej^idene, 16 

^.epidine, 216, 229, 232, 366 
Lepidinocarboxylic acid, 242 
Lepidineoxalic ester, 233 
Lepidiiiic acid, 216 
Lepidone, 239 
Leucoisatin anil, 76 
Leucomethylene blue, 279, 281 
Leucothionine, 279 
Lilole, 246 

Lobelanidine, 336, 336 
Lobelanine, 224, S36, 336 
Lobelia inflata, 335 
Lobelidine, 335 
Lobeline, 329, 336, 336 
Lobelinic acid, 330 
Loiponic acid, 224,225 ,363 
Lophine, 124,126, 128, 130.318 
Lophophorine, 357 
Lorotin, 237 
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Lupanine, S39, 340 
Lupetidiiie, 222 
Lupinane, 339, S40 
Lupiriic acid, 340 
Lupiiiidririe, 339 
Lupinine, $39, 340 
Lupiniis species, 339 
Luteolidin chloride, 182 
Luteolin, 187 

Lutidiue, 204, 206, 212, 215, 208 
Lutidinedicarboxylic acid, 216, 218 
Lutidinedicarboxylic acid diazide, 208 
Lutidinesulfonic acid, 206, 211 
Lutidinic acid, 216 
Lutidone, 178, 179, 206, 209 
Lutidonedicarboxylic acid, 217 
Lutidyl disulfide, 211 
Lutidyl sulfide, 211 
Ly si dine, 130 

M 

Magdala red, 315 
Malachite green radical, 404 
Maleic acid hydrazide, 284 
Malonimide, 5 
Malonohydiazide, 111 
Malonylurea, 290 
Maltol, 179 
Mandragora root, 340 
Mangifera indica, 191 
Mangin, 191 
Mauveine, 315 
Meconic acid, 179, ISO, 358 
Mcconino, 358, 366 
Melamine, 318, 319 
Mcldola blue, 277 
Mellophanic acid, 371 
Mercaptobenzothiazole, 145 
Mercai)toinethylthiazolecarboxylic acid, 
142 

Mercaptophonylthiadiazolinethione, 168 
Mercaptopyrazolo, 107 
Mercaptoguinoliiie, 240 
Mercaptothiazolc, 141 
Mercaptotriazinediol, 319 
Meroquinone, 363, 355 
Mesaconitine, 383 
Mesitene lactam, 209 
Mesitene lactone, 209 
Mesityleneazodimethylindazolo, 116 
Mesobilirubin, 39 
Mesobilirubinogen, 39 
Mesoporpliyrin, 45 
Metafulminuric acid, 121 
Metal ketyls, 415, 447, 463 
of benzil, 421 
of benzpinacoline, 421 
of ohromone, 421 
of dibenzoylbenzene, 421 
of dibiphenylyl ketone, 421 
of dimethylpyrono, 421 
of diphenyl Iwtene, 421 
of diphenyl ketone, 421 


of furil, 421 
of methylisatin, 421 
of phenanthraquinone, 421 
of phenyl biphenylyl ketone, 421 
of phenyl naphthyl ketone, 421 
of phthalophcnone, 421 
of quinone, 421 
of xanthone, 421 
Metanicotine, 337 
Metathiazine, 6 
M ethenylaniinophenol, 138 
Methenylaminothiophenol, 144 
Methoxyaminoethylbenzodioxole, 368 
Methoxyarninoquirioline, 236, 239 
Methoxybenzodioxolocarboxylic acid, 367 
Methoxybenzodioxoledicarboxylio acid, 
367 

Mothoxybenzodioxolepropionic acid, 308 
Mothoxybcnzyldihydrodioxoloisoquino- 
Imo, 368 

Methoxycinchonidine, 352 
Methoxydinitrotriphejiylrnethyl, 403 
Methoxyisocarbostyril, 254 
Mcthoxyisoquiiiiolino, 253 
Metlioxylepidine, 355 
M ethoxy me thy 1 q ui i lulin e, 239 
Mcthoxymethyltetrahydrodioxoloiso- 
quinolinol, 368 

Methoxyuitrotriphenylmethyl, 403 
Methoxyphenanthroxyl, 447 
Methoxyijyridine, 209 
Methoxyquinaldine, 239 
Metboxyquinoline, 239 
Methoxyquinolinocarboxylic acid, 350, 
363 

M ethoxy quinolinic acid, 217 
Methoxyquinolinol, 239 
Methoxytotrahydroquinolin e, 244 
Methoxy tripli c] i yl in ethyl, 403 
Methoxy vinylrubanol, 362 
Methronic acid, 21 
Methyl, 388, 41U 423 
M ethyl acen aphth apy ridine, 249 
Methyl acotonylpiporidino, 336 
Methylacotonylpyrrolidine, 331, 345 
M ethy laocty laniin ooxadiaz ole, 173 
Methylacetylmorpholquinone, 360 
Mothylacetylpiporidine, 219 
Methylacetylpyrazole, 99 
Methylacctylpyrazolecar boxy lie acid, 99 
Methylacetylthiadiazole, 168 
Methylacridine, 257 ,269 
Methylacridinium iodide, 260, 261 
Methylacridonc, 201,202 
Methylacridoiie anil, 262 
Methylaminobutenylpyridine, 337 
Methylaminodiphenylthiazoline, 142 
Methylaminoindazolc, 116 
Methylaminophenylbenzoxazole, 139 
Methylaminopyridiiie, 207, 210 
Methylaminopyrimidol, 290 
Methylaminothiatriazole, 169 
MetbylanUinoAoridinium chloride, 262 
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Methylanilinotriazole, 150 
Methylantipyrine, 107 
Methylarsepidine, 444 
Methylbenzimidazole, 132, 133 
Meihylhftnzimidazolecarboxylic acid, 134 
Methylbeiiziinidazolone, 136 
Methylbenzisothiazolone, 124 
Methylbenzisoxazole, 122 
Methylbenzofuran, 52 
Methylbenzofurancarboxylic acid, 54 
Methylbenzofurandione, 55 
Methybenzofurajimethanol, 53 
Methylbenzofuraiiono, 54 
Methylbenzofiiroxan, 162 
Methylbenzomorpholine, 274 
Methylbeiizophonaziniuni iodide, 310 
Methylbenzopyrylium chloride, 182 
Methylbenzoquirioliiie, 247 
M etliy 1 bonzoaelenadiazol e, 169 
Methylbenzothiazine, 277 
Methylbeiizothiazole, 144 
Methylbenzotriazine, 320 
Methylbenzotriazole, 151 
Methylbenzoxazirie, 272, 274, 277^ 
Methylbenzoxazinone, 271 
Methylbenzoxazolo, 139 
Methylbenzoxazrme, 274 
Methylbenzoylpyrazolecarboxylic acid, 
100 

Methylbenzoylthiadiazole, 168 
Methylljenzylacridinium iodide, 261 
Methylberizyldihydroisoqviinolino, 254 
Methylbeuzylideiiedihydroacridine, 261 
Methylbenzylidenedihydroisoquinoline, 
252 

Methylbenzylisoquinolinium iodide, 252, 
255 

Methylbenzylisoxazolbne, 121 
Methyl benzyl ketone carboxylic acid 
phenyllactazam, 327 

Methylbenzyltetrahydroisoquinoline, 255 
Methylbromoethylpyridine, 212 
Methylbromotriazole, 148 
Methylcarbazole, 87, 264 
Methylcarbostyril, 228, 239 
Mothyloarboxymethylfuroic acid, 20 
Methylcephaeline, 376 
Methylchloroacridinium chloride, 262 
Methylohloroimidazole, 125 
Methylchlorophthalazine, 286 
Methylchloropyrazole, 96 
Methylchlorotriazole, 148, 165 
Methylchromone, 187 
Methylcinchoninic acid, 228, 241 1 242 
Methylcinchotoxine, 355 
Methylcinnamylecgonine, 344 
Methylcinnolinecarboxylic acid, 286 
Methv|coniine, 332, 336 
Methl^oumarilic acid, 52 
Methylcoumazonic acid, 272 
Methylcytosine, 290 
Methyldiacetylpyrazole, 99 
Methyldioarbethoxypyrrolemethanol, 34 


M ethy Idichloropy rimidine, 290 
Methyldiethylaminobutylrnethoxyquino- 
line, 240 

Methyldiethylpseudoindole, 66 
Methyldiethylpyrazine, 297 
Methyldiethylpyrazoline, 102 
Methyldihydroacridine, 260, 261 
Methyldihydroacridol, 200^61 
Methyldihydrobenzofuran, 54 
Methyldihydrobenzoquinolizinone, 246 
Methyldihydrobenzotetrazine, 323 
Methyldihydrobenzoxazine, 274 
Mothyldihydrobenzoxazone, 273 
Methyldihydrociiichoninic acid, 243 
Methyldihydrocinchoniiiic acid nitrile, 
241 

Methyldihydrofuran, 22 
Methyldihydrohydroxyacridinebenzoic 
acid lactone, 261 
M ethyIdihy droisoindole, 286 
Methyldihydroisoquinoline, 254 
Methyldihydrophenanthridine, 264 
Methyldihydrophthalazine, 286 
Methyldihydropyridazone, 284 
M ethyldihy dropy rroloquinolinedione, 

246 

Methyldihydroqtiinazoline, 292, 293 
Methyldihydroquinoline, 243 
Methyldihydrothiazinethiol, 277 
Methyldihydrotriazinedione,, 320 
Methyldihydroxyisonicotinic acid, 217 
Methyldimethylolquinaldine, 232 
Methyldioxolane, 88 
MethyldiphenyIdlhydroquinoxalino, 303 
Methyldiphenyloxazole, 136 
Methyldiphenylpyryliurn chloride, 176 
Methyldiphenylqninoxalinium hydroxide, 
303 

Methyldipropylpyrazoline, 102 
Methyldithiolane, 88 
Methylditolylpyrylium perchlorate, 176 
Methylene, 423 

Methylenebiadiraethylpyrrole, 39 
Methylene blue, 280 
Methylenedihydropyridine, 197, 210 
Methylenedihydroquinoline, 234, 240, 

243 

Methylenedioxydihydroisoquinoline, 254 
Methylenedioxydihydroisoquinolone, 372 
Methylenedioxyisoquinoline, 261 
Methylenediphenylpseudothiourea, 14 
Methylenepapaverine, 375 
Methylenepicolineacetic acid, 218 
Methylenethiourea, 14 
Methylenetrimethylindole, 66 
Methyleneurea, 14 
M ethyh'thylaminopyrimidol, 290 
M ethyl othyldichloropyrimidine, 290 
Methylethyldihydroquinoline, 243 
Methylethylimidazoline, 130 
Methylethylindazoliurn halidefl, 116 
Methylethylisoxazolone, 121 
Metbylethylmaleimide, 39 
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Methylothylpyridine, 198, ^05, 222 
Methylethyltetrahydropyridine, 219 
Methylethylthetin, 14 
Methylethyluracil, 290 
Methylflurorindine, 31$ 
Methylfuraldehyde, 20 
Mothyl{urari, 16 

Methylfurazancarboxylic acid, 101 
Methylfurfural, 19 
Methylfuroic acid, 20 
Methylfurylacetic acid, 21 
Methylgranatanine, 54^’, 
Methylgranateniiie, 349 
Methylgranatic acid, 348 
M ethyl granatoline, 348 
Methylgranatonine, 348 
M ethy Ihexahy drocin chomeroiiic acid, 
224 

Mcthylhexahydronicotinic acid, 332 
Methylhomomeroquinone, 365 
Methylhydroxyisocarbostyril, 254 
Methylhydroxypyrone, 179 
Mcthylhydroxyquinoline, 239 
Mothylhydroxytoluquinoxaline, 302 
Methylhydroxytriazolocarboxylic acid, 
148 ,160 

Mothylidyne, 423 

Methylidynetrisacetyldimethylpyrrole, 

40 

Methylidynetrisdimethylpyrrolecar- 
boxylic acid, 40 
Meihylimidazole, 127 
Methyliinidazoline, 130 
Methyliinidazolone, 131 
Methyliminobenzothiazoline, 145 
Mcthylirninodihydropyridine, 209 
Methylindazole, 115, 117 
Methylindazolecar boxy lie acid, 116 
Methylindazolone, 117 
Methylindenoquinolino, 249 
Methylindole, 62, 64, 66 ff., 229, 235 
Methylindoleacetic acid, 68 
Mothylindolecarboxaldehyde, 67 
Methylindoline, 71,76, 76, 77 
Mcthylindolyl methyl ketone, 67 
Methyliodopyridinium iodide, ISOG, 211 
Methylisatin, 66 
Methylisocarbostyril, 251 ,263 
Methyliaoindole, 286 
Methylisonicotinic acid, 216 
Methylisopelletierine, 335 
Methylisoquinoline, 261 
Methylisoquinolinium iodide, S61, 253 ff. 
Methylisoquinolone, 262 ,263 
Methylisosparteinium hydroxide, 339 
Methylisostrychnine, 379 
Methylisoxazole, 119 
Methylisoxazolecarboxylic acid, 120 
Methylisoxazoledicarboxylic acid, 120 
Methylisoxazolone, 121 
Methylkynurenic acid, 242 
Methyllepidone, 239 
Methyllilolidinedione, 246 


Methyllutidinic acid, 216 
Methylmercaptoacridine, 262 
Methylmethoxycyanopyridone, 211 
Methylmethoxyquinoline, 360 
Mothylinetlironic acid, 21 
Methylmethylenedihydroquinoline, 240 
Methylmethylpseudocarbostyril, 229 
Methylmorphimethine, 359 
Methylmorphine, 369 
Methylmorphol, 359 
Methylmorpholone, 274 
Methylilarcotinium iodide, 368 
Metliylnicotinic acid, 216 
Methylnicotone, 337 
Methylnicotyrinium iodide, 338 
Methylnitropyrazole, 96 
Methylollepidine, 232 
Methylolquinaldine, 232 
Methyloxazirobenziiuidazole, 135 
Methyloxazolidine, 137 
Methyloxazoline, 137 
Mothyloxindole, 72 
Methyloxoisazolone, 121 
Methyloxojulolino, 246 
Methyloxopyrrolidinoacetic acid, 345 
Methyl pel letierine, 335 
Methylphenacylpiperidine, 336 
Methylphenanthridino, 264 
Methylphenanthridinium iodide, 264 
Methylphcnanthridorie, 204 
Mothylphenanthriinidazolo, 134 
Methylphenazine, 306 
Methylphenoxazine, 275 
Methylphenylbonzoxazole, 139 
Methylphenyldihydropyridazone, 284 
Methylphenyldihydroquinoline, 243 
Methylphenylfuran, 21 
Methylphenylfuroic acid, 21 
Methylphenylimidazole, 127 
M ethyp'heny limidazolethiol ,127 
Methylphenylisoxazole, 120 
Methylphenylmethoxybeiizophenazinium 
sulfate, 313 

Methylphenyloxadiazole, 163 
Methylphenyloxadiazolone, 104 
Methylphenyloxazole, 136 ,137 
Methylphenyloxazoline, 137 
Methylphonylpyrazole, 94, 120 
Methylphonylpyrazolecarboxylic acid, 
100 

Methylphenylpyrazolone, 106, 106, 109 
Methylphenylpyridazine, 283 
Methylphenylpyridazone, 284 
Methylphenylpyrimidine. 289 
Methylphenylpyrrole, 33 
Methylphenylquinazoline, 292 
Methylphenylquinolinium iodide, 231 
Methylphenylquinoxalinol, 302 
Methylphenylthiazole, 140 
Methylphenylthienylniethanol, 27 
Methylphthalazine, 286 
Methylphthalazinium iodide, 287 
Methylphthalazono, 286 ,287 
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Methylphthalonimide, 266 
Methylpicolinio acid, 216 
Methylpipecolinic acid, 335 
Methylpiperazine, 299 
Methylpiperidine, 221 
Methylpiperidinecarboxylic acid, 335 
Methylpiperidinedioarboxylic acid, SS6, 
SU 

MethylpiperidineSthanol, 223 
Methylpiperidine oxide, 222 
Methylpiperidinepropanol, 335 
Methylpsychotrine, 376 
Methylpyrandione, 178 
Methylpyrazino, 297 
Methylpyrazole, 91, 92, .93, 9^, 96, 97, 
100,127 

Methylpyrazolecarboxylic acid, 96, 100 
Methylpyrazolesulfonic acid, 97 
Methylpyrazolino, 101 
Methylpyrazolol, 98 
Methylpyrazolone, 104 
Methylpyridaziiie, 283 
Methylpyridazorie, 284 
Methylpyridine, 13, 204, 215 
Methylpyridinecarboxylic acid, 340 
Methylpyridinedicarboxylic acid, 216, 216 
Methylpyridinediol, 200, 210, 211 
MethylpyridinecHhanol, 205, 212, 334 
Methylpyridinetotracar boxy lie acid, 216 
Methylpyridinetriol, 211 
Methylpyridone, 209, 211 
Methylpyridoneimine, 207 ,209 
Mothylpyridylpyrrole, 337 
Methylpyridylpyrrolidine, 49, S30 
Methylpyridyl selenide, 211 
Methylpyridyl sulfide, 211 
Methylpyrimidazole, 269 
Methylpyrimidine, 289 
Methylpyrimidineoarboxylic aci(i, 289 
Methylpyrimidol, 289 
Mothylpyronedicarboxylic acid, 178 
Methylpyrrocolino, 208 
Methylpyrrole, 29, SI, S2, 37, 49, 66. 201 
Methylpyrrolecarboxylic acid, 32, 37 
Methylpyrrolediacetic ester, 346 
Methylpyrrolepropionio acid, 37 
Mothylpyrrolidine. 32, 48, 49, 331, 338, 
339 

MethylpyrroUdinecarboxylic acid, 49, 
331,337,339 

Methylpyrrolidinedicarboxylic acid, 60 
MethylpyrroUne, 47, 48 ,336 
Methyl pyrryl ketone, 36 
Methylquinaldinium iodide, 232 
Methylquinaldone, 239 
Methylquinazoline, 292, 294 
Methylquinazolinium hydroxide, 292 
Methylquinaaolone, 294 
Methylquinoline, 216, 226, 227, 229, 231, 
2S2, 239 

Methylquiiiolinecarboxylic acid, 242 
Methylquinolinehtlianol, 282 ,242 
Mfethylquinolinethiol, 240 


Methylquiriolinic acid, 215,216 
Methylquinolinium iodide, 230, 234, 238, 
241 

Mothylquinolinol, 217, 228, 239 
Methylquinolone, 235, 2S8, 239, 349 
Methylquinolone methide, 240 
Methylquinoxaline, 301 
Methylscopoline iodide, 344 
Methylselenazoline, 146 
Methylselenopyridone, 211 
Methylsparteine, 339 
Methylsparteinium hydroxide, 339 
Methylstrychnine, 379 
Methyltetrahydrodiazepine, 326 
Methyltetrahydrodioxoloisoquinoline, 
251,369 

Methyltetraliydroisoquinolino, 255 
Methyltetrahydronicotinic acid, 331, 332 
Methyltotrahydropapaverine, 366 
M ethyltetrahydropicolitie, 219 
Mothyltetrahydropyridinecarboxalde- 
hyde,220 

Mcthyltotrahydropyridinecarboxaldox- 
ime, 332 

Methyltetrahydropyridinenitrile, 220 
Methyltotrahydropyrimidine, 291 
Methyltetrahydroquirioline, 244, 245, 360 
Methyltetrahydroquinolinol, 244 
Methyltetrahydrotetramethoxydibenzo- 
quinoline, 11 
Methyl tetrazole, 172 
Mothylthiadiazolo, 168 
Methylthiadiazolecarboxylic acid, 168 
Methylthiapyran, 193 
Methylthiazole, 140 
Methylthiazoleacetic acid, 142 
Methylthiazolecarboxylic acid, 141 
Methylthiazoledicarboxylic acid, 141 
Methyl thiazolethiol, 141 
Methylthiazoline, 142 
Mothylthiazolol, I40, 141 
Methyl thienyl ketone, 24, 26, 27 
Methylthiolutidine, 211 
Metbylthiolutidone, 211 
Methyl thiophene, 23, 24, 25 ff. 

Methylthiopyridone, 211 
Methylthioquinolone, 239 
Methyltolylthiazoline, 142 
Methyltriazinediol, 318, 320 
Methyltriazole, 165, 157 
Methyltriazolecarboxylic acid, 149 
Methyltriazolethiol, 166 
Methyltriazolonecarboxylic acid, 160 
Methyltrichloropyridine, 2l7 
Methyltriphenodioxazine, 277 
Methyltriphenyldihydropyridyl, 408 
Methyltropane, 343 
Methyltropidine, 343 
Methyltropidinium hydroxide, 343 
Methyltropinic acid, 342 
Methyltruxilloylecgonine, 345 
Methyluracil, 289, 290 
Methylvinylaminoethylpiperidine, 866 
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Methylvinylpiperidine, 223 
Metoxazirie, 6 
Metrazole, 171, 174. 

Mezcaline, 357 
Monothiocyaniiric acid, 319 
Morin, 188 
Morphcnol, 360 

Morphine, 134, 180, 328, 329, 35S, 3GI, 
362 

Morphinum hydrochloricum, 358 
Morphol, 369 
Morpholine, 273 
Morphothebaine, 362 
Morustinctoria, 188 

Miicobromic acid oxime anhydride, 271 

Mur ex brandaris, 84 

Musk seed oil, 4 

Mydriatics, 340 

Myricanagi, 188 

Myrioetin, 188 

Myristicinealdehyde, 3G8 

N 

Naphthacridirio 257, ^,7.9 
Naphthacridinetrioue, 262 
Naphthalanrnorpholine, 274 
Naphthaleneoxamide, 302 
Naphthaquinone methide, 450 
Naphthazarin, 117 
Naphthazine, 305 
Naphthimidazole, 134 
Naphthindole, 85 
Naphthindone, 313 
Naphthinduline, 310, 312 
NaphthinoUne, 267 
Naphthisatin, 77 
Naphthisoiridigotin, 86 
Naphthisothiazole, 124 
Naphthisoxazole, 122 
Naphthobenzocarbazole, 87 
Naphthocinchoninic acid, 228 
Naphthodiquinoline, 248 
Naphthofuran, 52, 56 
Naphthofuranone, 66 
Naphthofurazan, 161, 162 
Naphthofuroxan, 162 
Naphthol blue, 277 
Naphthol yellow S, 129 
Naphthomethylenequinone, 450 
Naphthomorpholone, 274 
Naphthophenanthridone, 264 
Naphthophenazine, 305 
Naphthophenosafranine chloride, 316 
Naphthopyrazole, 117 
Naphthopyridaoridino, 263 
Naphthopyridine, 9 
Naphthoquinaldine, 247 
Naphthoquinoline, 227, 247, 248 
Naphthoquinolinequinone, 248 
Naphthotetrazine, 296 
Naphthotetrazole, 172, 237 
Naphthothiazole, 146 
Naphthothiophene, 61 


Naphtliotriazole, 152 
Naphthoxazole, 140 
Naphihoxazont', 274 
N aphihyl arninor'ixadiazolethione, 164 
Naphihylaiiuaotliiadiazolone, 167 
Naphthyl blue, 313 
Naphthylindolo, (>6 
Naphthylpiperidine, 221 
Naphthylviolet, 313 
Naphthylxanthyl, 405 
Naphthyridine, 267, 268 
Naphthyridinediol, 267 
Naphtriazole, 237 
Narceine, 358, 368 

Narcotine, 249, 256, 329, 358, 366, 368 

Naringenin, 188 

Neobilirubic acid, 39 

Neopine, 358, SOI 

Neoxanthobilirubic acid, 39 

Neutral red, 309 

Nicoteino, 336 

Nicotelline, 330 

Nicoiiana tahaenm, 336 

Nicotimine, 33G 

Nicotinamide, 207, 338 

Nicotine, 49, 214, 329, 330, 336, 338 

Nicotinic acid, 204, 212, 213, 214, 336 if. 

Nicotinic acid azide, 207 

Nicotinic acid methylbetaino, 331 

Nicotinic acid nitrile, 206 

Nicotyrine, 337, 338 

Nicotyrine methyl iodide, 33 

Nile blue, 277 

Nitrile oxides, 13 

Nitroacridinc, 259 

Nitroaminonicotinic acid, 207, 214 

Nitroaminoquinoline, 236 

Nitrobenzisothiazole, 124 

Nitrobenzofuran, 53 

Nitrobenzofurarione, 54 

Nitrobenzoselenadiazole, 169 

Nitrobromobenzofuran, 65 

Nitrocarbazole, 87 

Nitrocarbostyril, 239 

Nitrocinchoninic acid, 241 

Nitrocoumarin, 239 

Nitrocytisine, 349 

Nitrodimethylbenzimidazolinol, 135 

Nitrodimethylimidazole, 128 

Nitrodimethylpyrrole, 34 

Nitrofurari, 17 

Nitrogen diaryls, 398 

Nitroindazole, 114, 115, 117 

Nitroindolc, 66 

Nitroindolecar})oxylic acid, 66 

Nitroisatin, 77 

Nitroisoquinoline, 251 

NitroisoxazoJe, 120 

Nitrolaudanosine, 371 

Ni tromethylbenzeneazonitroindazolo, 116 

Nitromethylimidazole, 128 

Nitromethylindole, 66 

Nitron, 166 
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Nitronitrosocytosine, 349 
Nitrophenanthridone, 264 
Nitrophenothiazine oxide, 279 
Nitrophonoxazine, 275 
Nitrophenylindazolinecarboxylic acid, 
117 

Nitrophenylindazolone, 117 
Nitrophenylindole, 66 
N it ropheny Imot hyl n i tropyr azol one, 105 
Nitrophenylmethylpyrazolone, 105 
Nitrophonylphenylnitroisoxazole, 120 
Nitrophenyli)yrazole, 100 
Nitrophenylpyridine, 205 
Nitrophenylquinoline, 233 
Nitropyrazole, 96 
Nitropyridine, 207 
Nitropyridol, 207 
Nitropyrrole, 34 
Nitroquinolino, 236, 237 
Nitrosoantipyrine, 107, 108 
Nitroaobenzenc, 451 
Nitrosocarbazole, 87 
Nitroso compounds, 451 
Nitrosoconiine, 333, 33 
Nitrosoindazole, 114 
Nitrosoindole, 62, 66 
Nitrosoindoline, 71 
Nitrosoifioxazole, 162 
Nitrosoraethylindole, 66 
N itrosoinethy Ipyi'idinediol ,211 
Nitroaomorpholino, 273 
Nitroaophenylindole, 66 
Nitrosopiperidine, 221 
Nitrosotetrahydroquinoline, 244 
N i trosotriaminopyrirnid ine ,290 
Nitrosotriazolol, 150 
Nitrotetraphenylhydrazine, 436 
Nitrothianaphthene, 59 
Nitrothiophone, 26 
Nitrotrimethylpyrazole, 96, 97 
Nitrotriphenylmethyl, 403 
Ni trovoratryldihyd roisoqui n oline, 370 
Nitroxanthone, 192 

Nomenclature of heterocyclic ring sys¬ 
tems, 8 

Norharman, ^6*6’, 377 
Norharmanoarboxylic acid, 266 
Norhydrohydrastinine, 251 
Norhydrotropidine, 342 
Norhyoscyamine, 341 
Norlobelanidine, 335, 336 
Norlobelanine, 335 
Nornaroeine, 367 
Nortropane, 269 
Novatophan, 242 
Nucleic acids, 289, 290 

O 

Octahydroacridine, 260 
Octahydroacridinedione, 262 
Ootahydroasocinone, 327 
Ootaliydrobenaoquinoline, 248 


Octahydrobiquinoline, 244 
Octahydrocarbostjrril, 246 
Octahydrodiazocine, 327 
Octahydroindole, 71 
Octahydrometanicotine, 337 
Octahydronaphthoquinoline, 248 
Octahydronaphthyridine, 267 
Octahydrophenazine, 308 
Octahydropyrrocoline, 224 
Octahydroxanthenedione, 189 
Octaphenyldiethylsilicotetrane, 423 
Oil, bone, 29, 31, 195, 203, 204, 226, 230 
clove, 19 
coffee, 16 
fusel, 195 
orange blossom, 62 
Scottish shale, 204, 205 
varec, 19 
wood, 19 

Opianic acid, 366, 369 
Opium, 180, 328, 358, 375 
Opsopyrrole, 32, 43 
Opsopyrrolecarboxylic acid, 37 
Optochine, 356 
Orcacetein, 185 
Orcirufin, 276 
Orotic acid, 290 
Orthoxazine, 6 
Osotetrazine, 323 
Osotriazole, 89, 146, 147, I4S 
Oxadiazine, 6, 7, 9, 321 
Oxadiazole, 6, 6, 89, 148, 160, 162, 163, 
165, 168,324,406 
Oxalimide, h, 12 
Oxaline, 124 

Oxalylbisdiphenylmethyl, 414 
Oxalylguanidine, 131 
Oxalylurea, 131 
Oxanthronyls, 446 
Oxatriazabicyclohexeno, 156 
Oxatriazine, 7 
Oxatriazole, 6, 89 
Oxazabicyclononano, 268 
Oxazine, 6, 9, 271, 272, 273 
Oxazirines, 13 
Oxazirobenzimidazole, 135 
Oxazole, 5, 89, 136 
Oxazolidine, 137 
Oxazoline, 137 
Oxazolone, 137 
Oxbiazole, 89 
Oxetane, 13 
Oxindigo, 55 
Oxindirubin, 55 

Oxindole, 61. 66, 72, 73, 74. 75. 78. 84 
Oxindolecarbbxaldehyde, 73 
Oxoacenaphthenylidenepseudoindoxyl. 

70 

Oxoacenaphthenyidenethianaphthenone, 

58 

Oxodihydroaoridine, 261 
Oxodihydrobenzotriazine. 116 
Oxodihydrobibenzofuran, 55 
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Oxodibydrocyolopentaquinoxalinecar- 
boxylic acid ester, 302 
Oxodihydroisoquinoline, 254 
Ox^dihydronaphthylidenepseudoindoxyl, 

Oxodihydronorharman, 266 
Oxodihydrodxazole, 137 
Oxodihydrophthalazinecarboxylic acid, 
287 

Oxodihydropyridazine, 284 
Oxodihydropyrimidine, 289 
Oxodihydroquinazoline, 292, 293, fS94. 
Oxodihydroquinazolinecarboxylic acid, 
294 

Oxodihydi-oquinoline, 243 
Oxoimidazoline, 131 
Oxonitine, 383 
OxoOxadiazoline, 164 
Oxopyrancarboxylic acid, 178 
Oxopyrazoline, 97, 103 
Oxopyrrolidine, 60 
Oxototrahydrofuran, 22 
Oxotetrahydrooxazole, 138 
Oxotetrahydropyridaziiie, 284 
Oxotetrahydropyridazinecarboxylio acid, 
284 

Oxotetrahydroquinazoline, 295 
Oxothiadiazoline, 167 
Oxothiaiiaphthenylidenebenzofuranone, 
56 

Oxothianaphtlienylidonopseudoindoxyl, 
68, 59, 70 
Oxoxantheiie, 191 
Oxy biazole, 163 

P 

Palmatine, 369, 374, 375 
Palmatrubin, 374 
Papaveraldine, 305 
Papaveric acid, 365 

Papaverine, 249, 252, 254, 329, 358, 365 

Papaveroline, 251, 365 

Papaver aomniferum, 368 

Parabanic acid, 131 

Paraooumarone, 62 

Paraldehyde, 270 

Paraphenylene blue, 312 

Pararosaniline, 259 

Parathiazine, 6 

Paroxazine, 6 

Parvoline, 205 

Peganum harmala, 266, 330, 377 
Pelargonidin chloride, 182 
Pelletierine, 224, 335 
Pellotine, 367 

Pentachloropyridine, 196, 306, 210 
Pentachloropyrrole, 30, 33 
Pentahydroxyflavonol, 188 
Peutahydroxyflavylium chloride, 182 
Pentahydroxytetrahydropyran, 177 
Pentamethylbenzoyloxypiperidinecar- 
boxylic acid ,225 

Pentamethylenimine, See Piperidine 


Pentamethylene oxide, 4 
Pentamethylenetetrazole, 171 ,174 
Pentamethylpentarsenolane, 174 
Pentaphenylcyclopentadienyl, 407 
Pentaphenylethane, 411 
Pentaphenylethyl, 389, 396, 409 
Pentaphenylpyridine, 199, 305 
Pentarsenole, 174 
Pentazine, 325 
Pentazole, 90, 174 
Penthiazoline, 277 
Penthiophene, 193 
Pentosans, 17 
Pentoses, 17, 22, 127 
Pentoxazoline, 272 
Peonidin chloride, 182 
Perazine, 435, 436 
Percaine, 242 
Perdolat, 108 
Perhydroindole, 71 
Perirnidine, 296 
Perinaphthindigo, 86 
Persulfocyanic acid, 166 
Phenacetein, 185 
Phenacylphthalimide, 236 
Phenanthridine, 87, 269, 263, 264 
Phenanthridone, 264 
Phenanthrofurazan, 161 
Phenanthroline, 206, 227, 265 
Phenanthrophenazine, 306 
Phenanthrophenofluorindine, 316 
Phenanthroquinoline, 248, 249 
Phenanthrotriazinol, 320 
Phenanthroxazine, 275 
Phenanthroxyls, 446 
Phenarsazine, 316, 7 

Phenarsazine chloride, 316 
Phenarsazinic acid, 316 
Phenazime, 312 
Phenazine, 303, 305 
PhenazinecarboxyliiJ acid, 309 
Phenazine dyes, 311 
Phenazine oxide, 304, 305 
Phenazinol, 309 
Phenazinone, 311 
Phenazone, 287 
Phenazothionium chloride, 279 
Phenazothionium perbromide, 280 
Phenethylquinoline, 232, 233 
Phenhomazinedione, 327 
Phenomauveine, 314, 315 
Phenosafranine, 312 
Phenosafranine chloride, 314 
Phenoselenazine, 282 
Phenothiazime, 279, 280, 281 
Phenothiazime chloride, 280 
Phenothiazine, 86, 278 
Phenothiazine oxide, 279 
Phenothiazone, 279, 281 
Phenothiazonium chloride, 279 
Phenotripyxidine, 266 
1 Phenoxarsine, 277 
I Phenoxaselenin, 270 
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Phenoxatellurin, 270 
Phonoxathiin, 270 
Phenoxazime, 275 
Phenoxazine, 274, 275 
Phonoxazino dyeH, 275 
Pbtmoxazone, 275, 276 
Pherioxazouiuin chloride, 270 
Phenoxazoniurn j>erchlorate, 275 
Phenoxyphonantliroxyl, 447 
Phenoxypyridine, 208 
Phenpenthiazole, 277 
Phentriazine, 320 
Phenyl, 412 

Phenylacenaphthophenazinium nitrate, 
310 

Phonylacetylpyrazole, 98 
Phenylacetylpyrazoline, 102 
Phenylacetylpyrazolincdicarboxylic acid, 
103 

Phenylacotylthiadiazolc, 108 
Phenylacridine, 257, 259 
Pheiiylacridol, 259 
Pheriylacridoiie, 202 
Phenylarninolienzi mid azole, 320 
Phenylaminobeiizisotliiazole, 124 
Phenyiaminoisoxazole, 120 
PhenylaininoTnethyldihydrooxazine, 272 
Phenylarninopyrimidol, 290 
Phenyl aminotriazole, 150 
Phenylaminotriazolecarboxylic acid, 150 
Phenylaminourazole, 159 
Phenylanilinophenoxazime, 270 
Phenyl anilino to trazole, 173 
Phenylanilinotriazole, 150 
Phenylanilinourazole, 159 
Phenyl an thranil, 201 
Phonylanthraquinolino, 248 
Phenylanthronyl, 406 
Phenylazornethylindole, 60 
Phenylazophenylindole, 60 
Phenylazoquinoline, 237 
Phenylbenzeneazohydroxypyrazole- 
carboxylic acid, 110 
Phenylbenzeneazopyrazolc, 97 
Phenylbenzimidazole, 132 ,133 
Phenylbenzimidazolecarboxylio acid, 132 
Phenyl benzisothiazolone, 124 
Phenyl benziaoxazole, 122 
Phenylbenzochlorophenazinium chloride, 
313 

Phenylbenzocinchoninic acid, 205 
Phenylbenzofuran, 62, 64 
Phenylbenzophenazinium chloride, 310 
Phenylbenzophenazinium salts, 312 
Phenylbenzopyran, 

Phenylbenzopyranol, 184 
Phenylbenzopyrono, 187 
Phenylbenzopyryliurn chloride, 182 
Phenyl benzopyrylium compounds, 181 
Phenylbenaoquinoxaline, 301 ,306 
Phenylbenzothiazole, 143, 144 
Phenylbenzotriazepinedione, 327 
Ph©nylbenzotria«ole» 86 ,152 


Phenylbenzotriazolequinone, 149 . 
Phenylbenzotriazone, 321 
Phenyl ben zoxazopi none, 327 
Pheuylbenzoxazine, 274 
Phenylbenzoxazole, 139 
Phenylbenzoxazonc, 273 
Phonylbenzoylisonitrosotriazolono, 150, 
173 

Phenyl bonzoylisoxazolone, 121 
Phonylbenzoylpyrazole, 98 
Phenylbiphenylenemethyl, 404 
Phenyl biphenyl5d ketone, 428 
Phenyl biphenylyl ketone potassium, 417, 
419 

Phenyl biphenyl ylnaphthylmethyl, 402 
Phenyl brornopyrimidine, 291 
Pheiiylbromotriazole, 155 
Phenylbutylenepseudourea, 272 
Phenylcamphopyrazolocarboxylic acid, 
118 

Phonylcarbazacridiiie, 262 
Phenylcarbethoxymethylphthalimide, 

254 

Phcnylchlorobenzophonazinium chloride, 
313 

Phenylchlorodibenzophenazinium chlor¬ 
ide, 313 

Phenylchlorojilionazinium chloride, 313 
Phenylchloropyrazole, 96, 106, 107 
Phenylchloropyrazolone, 111 
Phenylchloroi)yridine, 206 
Phenylchloropyriinidine, 291 
Phenylchlorotriazine, 319 
Phenylchlorotriazolo, 148, 150, 155 
Phonylcliromone, 187 
Phenylcinchoninic acid, 2Jil, 242 
Phenylcinnoline, 283, 285 
Phonylcinnolinic acid, 283 
Phenyl coumalin, 178 
Phenyicyanotetrazole, 171, 173 
Phenyl cyanotriazole, 149 
Phenyldiacetylpyrazole, 99 
Phenyldiaininodimethylacridine, 260 
Phenyldiaminotriazolo, 151 
Phenyldibenzophenaziniura chloride, 310 
Phenyldibenzophenothiazime, 282 
Phonyldibiphenylylmethyl, 401 
Phenyl dibromopyr azoline, 102 
Phenyldichloropyrazole, Pd, 111 
Phenyldichlorotri azole, 155 
Phenyldiethyl triazole, 166 
Phenyldihydroacridine, 260 
Phenyldihydrobenzofuran, 64 
Phenyidihydrobenzotriazepinone, 327 
Phenyldihydrobenzotriazine, 320, 321 
Phenyldihydrobenzoxazone, 273 
Phenyldihydroberberine, 372 
Phenyldihydroisoquinoline, 264 
PhonyldihydroOxazine, 272 
Phenyldihydrophenazine, 310 
Phenyldihydrophthalazinol, 286 
Phenyldihydropyridazinedione, 285 
Phenyldihydtopyridewone, 284 
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Phenyldihydropyrimidone, 291 
Phenyldihydroquinazoline, ^893, 294, 
296 

Phenyldihydroquinazolinethione, 296 
Phenyldihydroquinazolone, 295 
PhenyIdihydrothiadi az inet h ione, 322 
Phenyldihydrothiazine, 277 
Pheiiyldihydrotriazone, 319 
Phenyldirnethylbenzoxazine, 272 
Phenyldimethylbenzoxazolo, 139 
Phenyldirnethyliminopyrazole, 197 
Phenyldirnethylindole, 72 
PhenyldimothylindoUnol, 72 
Phenyldimethylmethyleneindoli ne, 71 
Phenyldimethyliiitropyrazole, 90 
Phenyldimethylnitrosopyrazole 96 
Phenyldimethylpyrazolo, 93, 95, 100 
Phenyldimethylpyrazolidiriediono, 111 
Pheiiyldimethylpyrazolidone, 111 
Phenyldimethylpyrazoloiie, 95, 100, 108 
Phenyldirnethylthiopyrazole, 107 
Phenyl dimethyllriazole, 14.8, 149 
Phonyldithiourazolo, 159 
Phonylditolylrnethyl, 401 
Phenyldixenyl rne tliyl, 401 
Phenylenoacctamidine, 133 
Phonylenobonzaniidine, 133 
Phenyl enediazosulfide, 168 
Phenyleneformamidine, 133 
Phenylenernalonimide, 320 
Phonylenenaphthylone oxide, 85 
Phenyleneoxarnido, 302 
Phenylonepheiiylgiianidine, 130 
Phonylcnephthalamidc, 327 
Phonylencpseudothiourea, 144 
Phenylenosiiccinainide, 327 
Phenylenethiourea, 130 
Phenyleiietrimothylonediamine, 326 
Phenyleneurea, 136 
Phenylethoxybeiizotriazole, 152 
Phenyleihoxypyrazole, 98 
PhenylethylmethylarninopvrMzolo, 97 
Phonylothy 1 th iopy r az ole, 107 
Phenylfluororiyl, 404 
Phenylfluorindiiie, 315 
Phenylfurazan, 100 
Phenylfuroic acid, 21 
Phonylfuroxan, 161 
Phcnylglycolyltropeino, 341 
Phenylhydantoin, 79 
Pheiiylhydrazinoliitidine, 208 
Phenylhydrazinopyrine, 97, 107 
Phenylhydrazinoquinoline, 236, SS7 
Phonylhydroxyfurazan, 161 
PhenylhydroxyiaocarboBtyril, 254 
Phenylhydroxymethyloxazolidine, 138 
I*henylhydroxvpyrazolecarboxylic acid, 
110 

Phenyl hydroxy pyrazolone, 96, 111 
Phenylhydroxytriazine, 319 
Phenylhydroxytriazolccar boxy lie acid, 
148, 160 

Phenylimidazole, 127 


Phenylimidazolecarboxylic acid lactam, 
134 

Phenylimid azoline, 130 
Phenyiimidocoumazone, 273 
Phenyliminodihydrobenzothiazine, 278 
Phenyliminodihydrobenzoxazine, 273 
Phenyliminoiaoxazolone, 121 
Phenylirninothiadiazoline, 167 
Phenylirninothiadiazolincthiol, 167 * 
Phenylindazole, 114, 115, 117 
Phenylindazoline, 117 
Phenylindazolol, 116 
Phenylindazolone, 117 
Phenylindole, 62, 06, 66 
Phenylinduline, 315 
Phenylisatin, 75 
Phenyliaatogen, 74 
Phenyl iaocarboatyril, 251, 263 
Phcnylisoeoumariii, 184 
P) uuiy! ia( )ni Iro.so tr i azolone, 150 
Phcnyliao(uiinoline, 251, 252 
Phenyl isoxazole, 119, 120 
PhenyliBoxazolone, 121 
Phenyllutidone, 228 
Phoiiyllutidonecarboxylic acid, 217 
Phenylmalonohydrazide, 111 
Phenylmercaptothiadiazoline, 166 
PhenylmercapLotriazine, 319 
Phenylmethylacetylfuran, 19 
Phenylmethylacetyltriazole, 157 
Phenylmethylacridiniurn iodide, 261 
Phenylmetliylaminopyrazolo, 97, 107 
Phenylmcthylaminotriazolo, L60 
l*honylmethylbenzediazepinone, 327 
Phenylinethylbenzeneazohydroxyi)yra- 
zole, 105 

Phenylrnethy 1 benzei loazopyrazole, 97 
Phenylmethylbonzeneazopyrazolone, 97 
Phenylmethylbeiizimidazolinol, 135 
Phenyl mothylbenzoylchloropyrazolo, 109 
Phenyhnethyloarbethoxypyrazolone, 98 
Phenylmothylcarbomethoxyi:)yrazolone, 
98 

Phenylmetliylchloropyrazole, 90, 106, 

106, 108 

Phenylmethylchloropyridazono, 284 
Phenylmethylchloropyrimidine, 290 
Phenylmothylcyanotriazolo, 161 ,157 
Phenylmethyldihydroacridine, 260 
Phenylmethyldih ydroaoridol ,261 
PhenylmethyldihydroOxazine, 272 
Phenylmethyldihydropyridazine, 283 
Pheny Imethy 1 dihydr opy rid azone, 284 
Phe nylinet h yle thoxypyr azole, 98 
Phenylmethylethoxyi)yridazone, 284 
Pheny Imethylfur an, 16 
Phenylmethylhydroxypyrazolone, 105 
PhenylTnethylhydroxypyridazone, 100, 
284 

Phenyl methyl i mid azole, 137 
Phenylmethylisoxazole, 94 
Phenylmethylmethoxypyrazole, 98^ 105 
Phenylraethylmethylanilinopyrazolo, 107 
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Phenylmethylpiperidine, 222 
Phenylmethylpyraxole, 93,0^, 9B, 100 
. Phenylmethylpyraasolecarboxaldehyde, 

98 

Phonylmethylpyrazolecarboxylic acid, 
100, 284 

Phenylinethylpyrazoledione, 106 
Phenyhnethylpyrazolidine, 110 
Phenylmethylpyrazolidone, 111 
Phenylmethylpyrazoline, 98 
Phenylmethylpyrazolol, 98 
Phenylmethylpyrazolone, 93, 94, 96, 98, 
104^105,106, 108,109,111 
Phenylmethylpyrazolonecarboxaldehyde, 

109 

Phenylmethylpyrazoloneimine, 106 
Phenyl methylpyrazolopy razolone, 109 
Phenylmethylpyridazine, 283 
Phenylmethylpyridazone, 284 
Phenylinothylpyridine, 199 
Phenylmethylpyrimidol, 289 
Phenyhncthylpyrone, 179 
Phenylmethylquinoline, 233 
Phenylmethyltetrazole, 172 
Phenylmethylthiazolo, 140 
Phenylmethyl thiopy razole, 107 
Phenylmethylthiopyrazolone, 105 
Phenylmethyltriazole, 1/^8, 149, 164, 166, 

167 

Phenylmethyltriazolecarboxaldehyde, 148 
Phenylmethyltriazolecarboxylic acid, 149 
157 

Phenylmethyltriazolol, 160 
Phenylmethyltriazolone, 160, 164, 165, 

168 

Phenylnaplithoquinoline, 248 
Phenylnitrobeuzisothiazole, 124 
Phenylnitrogen, 443 

Phenylnitroindazolecarboxylic acid, 114, 
117 

Phenylnitroisoxazole, 120 
Phenylnitrophthalimide, 134 
Phonylnitropyrazole, 96 
Phenyloso triazole, 149 
Phenylosotriazoloazimide, 161 
Phenyloxadiazolethiol, 163 
Phenyloxadiazolone, 163 
Phenyloxazole, 137 
Phenyloxazoiidine, 137 
Phenyloxazoline, 137 
Phenyloxindole, 72 

Phenyloxotetrahydropyridazinecarboxy- 

110 acid, 284 

Phenylpenthiazoline, 277 
Phenylphenanthridine, 264 
Phenylphenanthrolmecarboxyllo acid, 

265 

Phenyiphenazinium chloride. 310 
Phenylphenazinium salts, 312 
Phenylphenonaphthoxanthyl, 405 
Phenylphenothiazime, 280 
Phenylphenoxazime, 275, 1676 
Phenylpheoyliininodxadiazoline, 164 


Pheixylphthalazino, 286 
Phenylphthalazinedione, 287 
Phenylphthalazinium chloride, 286 
Phenylphthalazone, 287 
Phenylphthaloylhydrazide, 287 
Phenylpicoline, $06 ,206 
Phenylpiperidine, 221 
Phenylpropylenepseudo thiourea, 142 
Phenylpyrazole, 93, 94, 95 
Phenyl pyrazolecarboxylic acid, 100 
Phenylpyrazoledicarboxylic acid, 100 
Phenylpyrazole tricarboxylic acid, 100 
Phenylpyrazolidine, 110 
Phenylpyrazolidinodicarboxylic acid, 111 
Phenylpyrazolidinedione, 111 
Phenylpyrazolidone, 104,108, 111 
Phenylpyrazoline, 93, 94, 101, 10$, 108, 
110 

Phenylpyrazolinedicarboxylic acid, 102 
Phenylpyrazolol, 98, 110 
Phenylpyrazolono, 94, 96, 98, 103, 104 
105. 106, 108, 110, 111 
Phenylpyrazolonecarboxylic acid, 108, 
109, no 

Phenylpyridazine, 283 
Phenylpyridazinecarboxylic acid, 283 
Phonylpyridazinedicarboxylic acid, $83, 
286 

Phenylpyridazono, 284 
Phenylpyridine, 30, 31, 201, $05, 206, 213, 
214 

Phenylpyridinedicarboxylic acid, $13, 247 
Phenylpyridinediol, 210 
Phenylpyridinefethanol, 212 
Phenylpyridinemethanol, 212 
Phenylpyridone, 205, 208, $09 
Phenylpyrimidazole, 269 
Phenylpyrimidol, 289 
Phenylpyrindenedione, 237 
Phenylpyrone, 178, 209 
Phenylpyronecarboxylic acid, 178 
Phenylpyrrocoline, 268 
Phenylpyrrole, 31, S3 
Phenylpyrrolidine, 49 
Phenylpyrroline, 48 
Phenyl pyrryl ketone, 36 
Phonylquinaldine, 233 
Phenylquinazoline, $9$, 294 
Phenylquinazolinecarboxylic acid, 292 
Phenylquinazolono, 292, $94, 296 
Phenylquinoline, 230, $33, 242 
Phenylquinolinecarboxylic acid, 233 
Phenylquinolinedicarboxylic acid, 242 
Phenylquinolinethiol, 240 
Phenylquinolylmethylp 3 Tazole, 241 
Phenylquinoxaline, 301, 305 
Phenylrosinduline, 312 
Phenylsafranine, 316 
Phenyltetrahydropyridine, 219 
Phenyltetrahydropyrimidine, 291 
Phenyltetrahydroquinazoline, 296 
Phenyltetrazole, 170, 17$ 
Phenyltetrazolecarboxylic acid, 160, 173 
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Phenyltetrazolesulfonic acid, 174 
Phenyltetrazolethiol, 174 
Phenyltetrazolol, 173 ,174 
Phenylthiadiaaole, 168 
Phenylthiadiazolecarboxylicj acid, 168 
Phenylthiadiazolethiol, 166 
Phenylthiaxanthenol, 194 
Phenylthiaxanthyl radical, 194 
Phenylthiazetidine anil, 14 
Phenylthiazolethiol, 141 
PhenylthiazoUne, 142 
Phenyl thiazolol, 141 
Phenylthiophene, 25 
Phenylthiotetrahydroquinazoline, £95, 
296 

Phenylthioxanthyl, 405 
Phenylthiyl, 462 
Phenyl tolylpyridiiie, 199 
Phenyltriazole, 14^, 149, 155 
Phenyltriazoleoarboxylic acid, 149, 157 
Phenyltriazoledicarboxylic acid, 149, 157 
Phenyl triazolol, 150 
Phenyl triazolone, 150, 158 
Phenyltriazolonecarboxylic acid, 150, 158 
Phenyl triazolotriazole, 161 
Phenyltribenzophenazinium hydroxide, 
304 

Phenyltribromopyrazole, 96 
Ph enyl triine thy Idihy d rooxazine ,272 
Phenyltrimethyldihydrothiazine, 277 
Phenyltrimethylenediainine, 94 
Phenyltrimethylhyd roxypyrazoliiie, 102 
Phenyltrimethylpyrazole, 95, 102 
Phenyltrimethylpyrazolone, 107 
Phenyltrirnethylthiopyrazole, 107 
Phenyltrityl, 401 
Phenylurazole, 168, 169 
Phenylxanthene, 189 
Phenylxanthenol, 189 
Phenylxanthydrol, 190 
Phenylxanthydrol chloride, 190 
Phenylxanthyl, 190, 405 
Phloroquinyl, 263 
Phosphin, 260 
Phthalazine, 283, £85 
Plithalazinedione, 287 
Phthalazone, 286, £87 
Phthalidenepyrrolenine, 30 
Phthalimide, 79, 86 
Phthalone, 134 
Phthalonimido, £54* 255 
Phthaloylhydrazine, 287 
Phthaloylphenylhydrazine, 287 
Phyllins, 42 

Phylloetioporphyrin, 46 
Phylloporphyrin, 46 
Phyllopyrrole, S£, S3 
Phyllopyrrolocarboxylic acid, 57, 39 
Phytochlorine e, 46 
Phytol, 46 
Phytorhodine g, 46 
Piaselenole, 6, 169 
Piazthiole, 6, 89, 169 


Picolide, 268 
Picolinamide, 207 

Picoline, 198, 202, £04, 206, 207, 212, 214, 
268,334 

Picoline alkine, £1£, 223 
Picolinebromopropionic acid, 218 
Picolinelactic acid, 218 
Picolinic acid, £ 14 , 333, 342 
Picolinium iodide, 334 
Picrolonic acid, 105, 204, 205, 212, 213 
Pigments, bile, 8, 29, 31, 33, 37, 38, 41 
blood, 8, 29, 31, 33, 37, 38, 41 
flower, 182 
leaf, 33 

plant 37, 46, 185 
Pilocarpidine, 378, 379 
Pilocarpine, 127, 329, 378, 379 
Pilocarpoic acid, 379 
Pilocarpus species, 378 
Piiopic acid, 378 
Piiosine, 378 

Pinacyanole dyes, £34, 240 
Pipecoleine, 219 
Pipecoline, 219, £££ 

Pipecolinic acid, 224 
Piperazine, 297, £99 
Piperazinedione, 299 
Piperazinetetrone, 299 
Piperazone, 285 
Piperic acid, 220, 332 
Piperidine, 6, 48, 197, 200, 204, ££0, 332, 
334 

Piperidineacetaldehyde, 222 
Piperidineacetic acid, 223 
Piperidineacetone, 222 
Piperidinecarboxaldehyde, 224 
Piperidinecarboxamide, 222 
Piperidinecarboxylic acid, 220, £££, ££4 
Piperidinedicarboxylic acid, 225 
Piperidine5thanol, ££3, 224, 270 
Piperidine oxide, 219, ££1 
Piperidinepropanol, 224 
Piperidinepropionaldehyde, 224 
Piperidinepropionic acid, 335 
Piperidinepropionic acid lactam, 224 
Piperidinesulforuc acid, 219, ££3 
Piperidone, 223 
Piperidylaminotriazine. 319 
Piperidylbiguanide, 319 
Piperidylmethylthiazoline, 142 
Piperidylurea, 222 
Piperidylurethan, 220, £££ 

Hperine, 220, 222, 329, 33£ 

Piper longum, 332 
Piper nigrum, 332 
Piperolidine, 224 
Piperolidone, ££4, 247 
Piperonalacetalamine, 369 
Piaum aativum, 331 
Plant alkaloids, 328 
Plant pigments, 37, 46, 186 
Plasmochin, 240 
Plasmochin compositum, 240 
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Polycentricity, 391, 406 
Polygonum tinctorium, 78 
Pomegranate root bark alkaloids, 330, 
335, 348 
Porphiiie, 42 
Porphyrexide, 424 
Porphyrins, 8, 33, 42 
Primula species, 187 
PrimuHrie, 144 
Prolino, 4^, 50 
Prolylphenylalanine, 49 
Propenylpiperidine, 224, 334 
Propenylpyridine, 206, 334 
Propionylpyridine, 212, 213, 224 
Propylchlorophthalazine, 286 
Propyldimethylpyrazole, 95 
Propyl/urfuryl alcohol, 16 
Propylindazole, 115 
Propylphthalazone, 287 
Propylpiperidine, 221, 222, 225, 332 
Propylpiperidine oxide, 222 
Propylpyridine, 206, 206, 333, 334, 348 
Propyl pyrryl ketone, 36 
Propylquinolino, 232 
Propyltotrahydroisoquiuoline, 255 
Propyltetrahydropyridine, 219 
Protopine, 376, 376 
Protoporphyrin, 44, 45 
Pseudoazimidobenzene, 151 
Pseudocarbostyril, 238 
Pseudocarbostyril methyl ether, 238 
Pseudococaine, 345, 346, 347 
Pseudocodeine, 360 
Pseudocodeinone, 360, 363 
Pseudoconhydrine, 332, 334 
Pseudodiazoacetic acid, 324, 325 
Pseudoeegonine, 345 
Pseudoeogonino methyl ester, 347 
Pseudoindole, 62, 63 
Pseudoindolone oxide, 74 
Pseudoindoxyl, 70 
Pseudoisatoxime, 70, 76, 296 
Pseudoisocyanine dyes, 234 
Pseudolutidostyril, 209 
Pseudolutidostyrilcarboxylic acid, 217 
Pseudomethylgranatoline, 348 
Pseudomorphine, 358 
Pseudoopianic acid, 372 
Pseudopelletierine, 335, 343 
Pseudophenanthroline, 265 
Pseudorosinduline, 310, 312 
Pseudothiadiazolone, 167 
Pseudotliiohydantoin, 143 
Pseudotliiopyrine, 107 
Pseudotropigenine, 345 
Pseudotropine, 345 
Paycholria ipecacuanha, 376 
Psychotrine, 376 
Punica granatum, 335, 348 
Purine, 11, 291 
Purines, 126, 288 
Purple of antiquity, 84 
Purpuric acid, 105 


Pydine, 268 

Pyocyanine, 304, 309, SIS, 392 
Pyraconitino, 383 
Pyracridine, 262 
Pyraraidone, 91, 107 
Pyran, 175 
Pyrandione, 178 
Pyranhy drones, 177 
Pyranoses, 177 
Pyrazine, 6, 282, 296, 297 
Pyrazinecarboxylic acid, 298, 301 
Pyrazinedicarboxylic acid, 297, 298 
Pyrazinoquinoxaline, 300 
Pyrazinetetracarboxylic acid, 298 
Pyazinotricarboxylio acid, 298 
Pyrazolo, 4, 5, 89, 91, 96 
Pyrazolo blue, 105 
Pyrazolecarboxylic acid, 100, 102 
Pyrazolecarboxylic acid azide, 106 
Pyrazolediazonium chloride, 96 
Pyrazbledicarboxylic acid, 100, 117 
Pyrazoledione, 91 
Pyrazolotricarboxylic acid, 99, 100 
Pyrazolidine, 91, 110 
Pyrazolidinodione, 111 
Pyrazolidone, 91, 111 
Pyrazolino, 91, 102 
Pyrazolinedicarboxylic acid, 100, 102 
Pyrazolinetricarboxylio acid, 100, 102 
Pyrazolol, 97, 98, 109 
Pyrazolone, 63, 91, 97, 103, 104. 108, 109 
Pyrazolone azo dyes, 110 
Pyrazolonocarboxylic acid, 109 
Pyrazoloneimine, 105, 106 
Pyrazolopyriinidinedione, 97 
Pyridazinc, 6, 282, 283 
Pyridazinocarboxylic acid, 283 
Pyridazinedicarboxylic acid, 283, 286 
PyridazinetetracaTboxylic acid, 283, 287 
Pyridazinone, 284 
Pyridazone, 283, 284 
Pyridindole, 266, 377 
Pyridine, 430, 31, 108, 195, 196, 200, 
201, 203, 205, 206, 207, 210, 213, 220, 
334 

Pyridinoacrylic acid, 218, 224 
Pyridine alkine, 211 
Pyridinearsine, 208 
Pyridinearsinic acid, 206 
Pyridineazoresorcinol, 207 
Pyridine betaine, 201, 203 
Pyridinecarbonyl chloride, 203 
Pyridinecarboxaldehyde, 212, 334 
Pyridinocarboxylic acid, 203, 213, 214. 
215, 377 

Pyridinediazonium chloride, 208 
Pyridinediazonium salt, 207 
Pyridinedibromopropionic acid, 218 
Pyridinedicarboxylio acid, 197, 214, 215, 
216, 230,242,249,261,340 
PyridinediSthanol, 212 
Pyridinediol, 196, 206, 208, 210 
Pyridmedisulfonic acid, 210 
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PyridineSthanol, 204, 206, 223 

Pyridinelaotic acid, 218 
Pyridinemethanol, 212 
Pjoridine oxide, 204 
Pyridinepentacarboxylic acid, 216 
Pyridinepropionic acid, 218 
Pyridinequinone, 210 
Pyridmesulfonio acid, ^06, 209, 211 
Pyridinetetracarboxylic acid, 216 ,256 
Pyridinethiol, 211 

Pyridinetricarboxylic acid, 2t6, 232, 241, 
252, 365 

Pyridiiietriol, 211, 268 

Pyridinium betaine, 13 

Pyridinium chloride, 220 

Pyridinium hydroxide, 201 

Pyridiniumsulfonic acid, 203 

Pyridol, 206, 208, 209, 210, 217 

Pyridone, 177, 208, 209 

Pyridoneimine, 207 

Pyridone methide, 197, 210 

Pyridophenaiithroline, 263, 265 

Pyridoquinoline, 10, 265 

Pyridylformylacetic ester, 218 

Pyridyl methyloxopyrroUdyl ketone, 338 

Pyridylpyrrole, SI, 33, 338 

Pyridylurethan, 207 

Pyrimidazole, 269 

Pyrimidazolecarboxylic acid, 269 

Pyrimidazolone, 269 

Pyrimidine, 6, 282, 288 

Pyriinidinecarboxaldehyde, 289 

Pyrimidinecarboxylic acid, 289 

Pyrimidinedicarboxylic acid, 289, 292 

Pyrimidinediol, 290 

Pyrimidinedione, 290 

Pyrimidinetetrol, 290 

Pyrimidinetetrone, 290 

Pyrimidinetriol, 290 

Pyrimidinetrione, 290 

Pyrimidol, 289 

Pyrimidorie, 289 

Pyrimidoquinazoline, 296 

Pyrimidoquinoxalinedione, 291 

Pyrindeno, 237 

Pyrindigo, 267 

Pyrocinchonic acid, 215 

Pyrocoll, 37, 67 

Pyrocomane, 179 

Pyrocomenic acid, 179 

Pyrocresol, 189 

Pyrohypaconitine, 383 

Pyrornecazonic acid, 179, 211 

Pyromeconic acid, 179, 211 

Pyromucic acid, 20 

Pyromucic acid cliloride, 19 

Pyromycuric acid, 17, 20 

Pyrone, 6, 175, 177, 178, 179 

Pyronecarboxylic acid, 178, 179, 217 

Pyronedicarboxylic a(;id, 179 

Pyronine, 189, 190 

Pyrotritaric acid, 20 

Pyrrocoline, 268 


Pyrroetioporphyrin, 46, 47 
Pyrroglutamic acid, 49 
Pyrrole, 4 jf., 14, 28, 29, 31, 37, 47, 75, 89, 
90,201,206 

Pyrroleazo compounds, 34 
Pyrrolecarbamic acid, 37 
Pyrrolecarboxaldehyde, 36, 39 
Pyrrolecarboxylic acid, 31, 37 
Pyrroledicarboxylic acid, 37 
Pyrroledimethanol, 34 
Pyrrolenine, 29 
Pyrrole red, 30 
Pyrrolidine, 48, 336 
PyrroHdinecarboxylic aCid, 49 
Pyrrolidone, 48, 60 
Pyrrolidonecarboxylic acid, 49 
PyiToline, 47 
Pyrrolopyridine, 266, 268 
Pyrroloquinoline, 246 
PyiTolylene, 48 
Pyrroporphyrin, 46, 47 
Pyrroylpyrrole, 31, 

Pyrrylrnagnesium bromide, 37 
Pyrrylmagnesiuin iodide, 81, 35 
Pyrryl methyl ketone, 31, 36 
Pyrryl phenjd ketone, 31, 36 
Pyrylium chloride, 176 
Pyryiiuin salts, 200 

Q 

Quebrachine, 382 

Quebracho Colorado, 188 

Quebracihoic acid, 382 

Quercetin, 186, 187, 188 

Quercitriii, 188 

Quercus tinctoria, 188 

Quiiiacridine, 262, 263 

Quinacridiiiol, 263 

Quinacridone, 263 

Quinacrino, 8 

Quinaldic acid, 24 I, 269 

Quinaldic acid chloride, 241 

Quinaldine, 229, 232, 234, 235, 241, 262 

Quinaldinecarboxylic acid, 242 

Quinaldineoxalic ester, 233 

Quinaldinic acid, 2‘62 

Quinaldoue, 230 

Quinazoline, 289, 291, 292, 293 

Quinazolinedione, 292, 295, 296 

Quinazolono, 278, 292, 293, 294 

Quindoline, 267 

Quindolinecarboxylic acid, 267 

Quinene, 356 

Quiiihydrones, dimeric, 430 
Quinic acid, 351, SSS 
Quinidine, 243, 361, 353 
Quinindene, 256 
Quinindoline, 236, 267 
Quinindolinecar boxy lie acid, 207 
Quinindolinediol, 267 
Quinine, 216. 216, 223, 240, 243, 329, 361, 
363, 364 

Quinine chloride, 365 
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Quininic acidt 243 
Quininic acid amide, 236 
Quininone, 353 
Quinisatin, 240 
Quinisatinic acid, 240 
Quinisarin, 248 
Quinobeneidine, 438 
Quinolanol, 230 
Quinolinamic acid, 214 
Quinoline, 66, 197, 213 226, 228, 229, 

j^SO, 236,238,241,244,245,269 
(^inolineacetaldehyde, iBSS, 234 
Quinolineacetio acid, 233 
QuinoUneacrylic acid, 233, 240, 247 
Quinolinearsenic acid, 236 
Quinoline betaine, 230 
^inolinecarboxaldehyde, 240 
Quinolinecarboxylic acid, 230, 232, 241, 
242,363 

Quinolinecarboxylic acid amide, 236 
Quinolinedicarboxylic acid. 242 , 247, 266, 
258 

Quinolinediol, 77, 239 ,243 
Quinoline^hanol, 232 
Quinolineinfi, 215 
Quinolinelactic acid, 233 
Quinolinemethylenephthalide, 233 
Quinoline oxide, 230, 235 
Quinolinepropionic acid, 233 
Quinoline pyrryl ketone, 241 
Quinolinepyruvic acid. 233 
Quinoline red, 236, 252 
Quinolinesulfonic acid, 236, 237 
Quinolinethiol, 240 
Quinolinetriol, 240 
QuinoUnetrione, 240 
Quinoline yellow, 233 
Quinolinic acid, 214, 216, 217, 230, 237* 
248 

Quinolinic acid methylbetaine, 215 
Quinolinic anhydride, 248 
Quinolinium chloride, 235 
Quinolinium compounds, 229 
Quinolinobenxene, 0 
Quinolinol, 232, 236, 237, 238, 239, 242 
Quinolone, 243 

Quinolone methide, 234, 240, 243 
Quinolylnitramide, 236 
Quinonetetraphenyldiraethide, 413 
Quinophenol, 237 
Quinophthalone, 134, 233 
Quinophthalonesulfonio acid, 233 
Quinoquinoline, 248 
Quinotenine, 353 
Quinotoxine, 354 
Quinovine, 361 

Quinoxaline, 297, 298, 299, 300, 301 
Quinoxalinediacetio ester, 302 
Quinoxalinedicarboxamic acid, 302 
Quinoxalinedicarboxylio acid, 300, 302 
Quinoxalinediol, 300, 301, 302, 303 
Qu^oxallnol, 300, 302 
Quinoxalophenoxasine, 316 


Quinoxaloquinoxaline, 302 
Quinuclidine, 223, 270, 355 

R 

Radicals, free organic, 387 ff, 
organic, with divalent nitrogen, 433 
Ranuncidacede, 368 
Reimer-Tiemann synthesis, 36 
Remija pedunculata, 352 
Resacetein, 185 
Resazurin, 276 
Reseda Inieola, 187 
Resorufin, 275, 276 
Rhodaninic acid, 143 
Rhodoporphyrin, 46 
Rhus cotinus, 188 
Ricinine, 211 
Ring strain, 389 
Rivanol, 260 
Rohinia pseudacacia, 188 
oil from, 62 
Robinin, 188 
Rosaniline, 260 
Rosindoles, 64 
Rosindone, 313 
Rosindonic acid, 313 
Rosinduline, 312 
Rosindulin GG, 392 
Rubane, 352 
Rubanone, 366 
Rubatoxanone, 366 
Rubazonic acid, 106, 108, 110 
Rubrene, 415 
irradiated, 412 
Rutaecarpine, 10, 378 

S 

Sabadine, 383 

Saccharine, 124 

Safranine, 303, 308, SIS, 314 

Safranine chloride, 310 

Safraninono chloride, 309 

Safranol, 314, 315 

Safranone, 311, 316 

Sakuranetin, 189 

Salipyrine, 106 

Sarothamnine, 339 

Sarothamnus scoparius, 339 

Schardinger reaction, 281 

Scoparin, 188 

Scopine, 344 

Scopolamine, 340, 343 

Scopoline, 344 

Soopolinic acid, 336, 344 

Sebacic acid amindanil, 328 

Sebacic acid hydrazide, 328 

Sebacic acid phenylenediamide, 328 

Selenaxanthone, 195 

Selenazole, 6 ,140 

Selenindigo, 61 

S^enodiazole, 5 

Selenophene, 14, 28 
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Selenopyrine, 109 
Selenoxene. 28 
Selivanov reaction, 19 
Semidines, 436 
Semiradicals, 430 
Sinapanpropionic acid, 277 
Sinomenine, 363 
Sinomenium acutum, 363 
Sinomenol, 364 
Skatole, 62, 65, 67 
Skatolecarboxylic acid, 67 
Skimmia japonica, 350 
Skimmianal, 350 
Skimmianic acid, 350 
Skimmianine, 350 
Skimmia repens, 350 
Solanum bases, 340 
Solvent naphtha, 52 
Sophora specioaa, 319 
Sophora tommtom, 319 
Sophorine, 349 
Sparteine, 339 
Sparteine oxide, 339 
Spartium acoparium, 188 
Spartyrine, 339 
Stachydrine, 49, 329 
Stachys t\(berifera, 49 
Stilbazole, 202, 206 
Stilbazoiiium salts, 300 
Stroptovinylenequinocyanines, 234 
Strophanthua species, 331 
Strychnic arid, 379 
Strychnidine, 379, 881 
Strj rhnine, 204, 247, 329, 879, 381 
Strychnine oxide, 380 
Strychnine peroxide, 380 
Strychninesulfonic acid, 380 
Strychninolic acid, 380 
Strychninolone, 380 
Strychnoline, 380 
Strychninonic acid, 380 
Strychnoa species, 379 
Stubb fat, 85 
Sturin, 129 

Styrylcinchoninic acid, 242 
Styrylniethylbenzimidazole, 134 
Styrylpyridine, 206 
Styiyl pyrryl ketone, 36 
Styrylquinazolono, 294 
Styrylquinoline, 233 
Su^alides, 430 
Su^inimide, 5, 29, 48. 50 
Sulfocinchoninic acid, 243 
Sulfonidotriphenylmethyl, 405 
Sulfophenylpyrazolonecarboxylic acid. 
110 

Sulfophenylsulfobenzeneazohydroxypy- 
razolecarboxylic acid, 110 
Sulfur black, 282 
Sulfur dyes, 87, lU. 282 
Sulfuvinio acid, 142 
Sylvan, 10 

Syringidin chloride, 182 


T 

Tar, bone, 204 
beechwood, 16 

coal, 7, 23, 29, 52. 57, 61, 65, 85, 86, 195, 
203 ff., 226, 229, 230, 232, 249, 251, 
258, 260 

lignite, 57, 195, 229 
low-temperature, 195, 229 
pine, 16 
shale, 25, 195 
wood, 7, 195 
Tartrazine, 110 
Tartrazinic acid, 110 
Tartrazinogenic acid, 110 
Tellurapyran, 195 
Tellurindigo, 28 

Tetraalkylammonium radicals, 424 
Tetraaminopyrimidine, 290 
Tetraanisylhydrazine, 436 
Tetraaryldiarsyls, 444 
Tetraaryldistibylene, 445 
Tetraarylhydrazinium salts, 432 
Telrabenzacridine, 259 
Tetrabenzophenoxazine, 275 
Tetrabenzylhydrazino, 437 
Tetrabiphenylylcthane, 411 
Tetrabiphenylylhydrazine, 436 
Tetrabroinodimethylaminophenothia- 
zone, 282 

Tetrabromoindigotin, 84 
Tetrabromothiophene, 24, 26 
Tetrachloroindigotin, 84 
Tetrachloromethylonequinone, 450 
Tetrachlorophenothiazine, 279 
Tetracliloropyridine, 200, 217 
Tetrachloropyrimidine, 289, 290 
Tetrachloropyrrole, 29, 30, 83 
Tetrachloroquinonomethido, 450 
Tetrachlorothiophene, 26 
Tetradimethylaminotetraphenylhydra- 
zine, 436 

Tetraethylainmonium, 428 
Tetraethyidistibyl, 444 
Tetraethylphenosafranine, 314 
Tetraethylphosphonium, 444 
Tetrafluoronylhydrazine, 437 
Tetrahydroacridino, 260 
Tetrahydroacridone, 262 
Tetrahydroazepotetrazole, 171, 174 
Tetrahydrobenzisoxazole, 122 
Tetrahydrobenzodiazepine, 326 
Tetrahydrobenzoquinoline, 248 
Tetrahydroberberine, 373 
Tetrahydrobipyridine, 204, 218 
Tetrahydrobrucine, 380 
Tetrahydrocarbazole, 67, 86, 87 
Tetrahydrocarbazoleoar boxy lie acid, 87, 
88 \ 

Tetrahydrooinchoninic acid, 245 
Tetrahydrodibenzofuran, 85 
Tetrahydrodiphenylfuran, 21 
Tetrahydrofuran, 16, 22 
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Tetrahydrofurandicarboxylic acid, 22 
Tetrahydroharmine, 377 
Totrahydroimidazole, 131 
Tetrahydroindazole, 118 
Tetrahydroisoquinoline, 262, 264, 
Tetrahydroiacquinolmecarboxylio acid, 
265 

Tetrahydroisoquinolinetriol, 367 
Tetrahydroisoquinolinetrione, 254 
Tetrahydrojatrorrhizine, 374 
Tetrahydromethoxyflavylium chloride, 
182 

TetrahydromethylphenyJfuran, 21 
Tetrahydronaphthalene oxide, 12 
Tetrahydronaphthylamine, 247 
Totrahydronicotyriiie, 338 
Tetrahy drooxazine, 273 
Tetrahy drooxazolo, 137 
Tetrahj^dropalmatine, 374 
Tetrahydropapaverine, 256 
Tetrahydrophonyldimethylpyrazole, 95 
Tetrahydrophthalazine, 286 
Tetrahydropiooline, 219 
Tetrahydropiperine, 332 
Tetrahy dropy ran, 175 
Tetrahydropyridine, 219 
Tetrahydropyridinecarboxaldehyde, M 9, 
224,226 

Tetrahydropyridine nitrile, 225 
Tetrahy dropyrimidine, 291 
Tetrahydropyrroloquinolinone, 246 
Tetrahydroquinaldine, 246 
Tetrahydroquinazoline, 294, 295, 296 
Tetrahydroquinoline, 230. 238, 243, 244% 
246, 246 

TetrahydroquinoUnepropionic acid lac¬ 
tam, 246 

Tetrahydroquinoxaline, 301 
Tetrahydroselenophene, 28 
Tetrahydrostrychnine, 379 
Tetrahydrothebaine, 362 
Tetrahy drothiadiazole, 169, 168 
Tetrahydrothiazinedione, 277 
Tetrahydrothiazole, 143 
Tetrahydrothiophene, 28 
Tetrahydrothiophenedicarboxylic acid, 

28 

Tetrahydrotoluquinoline, 244 
Tetrahy droxydimethoxyflavyliuro, chlo¬ 
ride, 182 

Tetrahydroxyflavanone, 189 
Tetrahydroxyflavone, 187 
Tetrahydrjoxyflavonol, 188 
Tetrahy droxyflavylium chloride, 182 
Tetrahydroxyraercurifuran tetraacetate, 
16 

Tetraiodofuran, 17 
Tetraiodoimidazole, 128 
Tetraiodoindigotin, 84 
Tetraiodopyrrole, 29, S3 
Tetrakiscarbethoxydimethylpyrryl- 
ethane, 41 

Tetramethylammonium amalgam, 429 


Tetramethylanhydrohematoxylin, 192 
Tetramethylbenzimidazolinol, 135 
Tetramothylbipyridine, 206 
Tetramethyldiaminobenzophenone sul- 
fone, 194 

Tetramethyldiaminodiphenylmethane 
sulfone, 194 

Tetrainethyldiaminopheixazothionium 
chloride, 280 

Tetramethyldiaminothiaxanthone, 196 
Tetramethyldiaminoxanthene, 189, 190 
Tetramethyldiaminoxanthone, 190 
Tetramethyldimethoxydiphenylnitrio 
oxide, 427 

Tetramethylene oxide, 4,22 
Tetramethylene sulfide, 28 
Tetramethylenirairie, 3 ,48 
Tetramethylethylene oxide, 12 
Tetramethylhematoxylon, 192 
Tetramethylhydroxypiperidino, 223 
.Tetramethyloxindigo, 56 
Tetramethylpiperazine, 299 
Tetrarnethylpiperidine, 222 
Tetramethylpiperidiiiol, 223 
Totramethylpiperidone, 223 
Tetramethylpyrazine, 297 
Tetramethylpyrazole, 94 
Tetramethylpyridine, 205 
Tetramothylpyrone, 179 
Tetramethylpyrrole, 32 
Tetraniethylpyrrolidme(;ai boxjdic acid, 
50 

Tetramethylpyrrolino, 48 
Tetramethylpyrrolineoarboxylic acid, 48 
Tetramethylpyrrolinecarboxylio acid 
amide, 50 ,223 

Tetramethylpyrromethane, 39 
Tetramethylpyrromethanedicarboxylic 
acid, 39 

Tetramothylpyrromethene, 40 ,44 
Tetaamethylpyrrophenylmethanedicar- 
boxylic acid, 39 
TetramethylquinoUne, 232 
Tetraraethylquinolinium iodide, 240 
Tetramethyltetraethylporphyrin. 42 
Tetranitrooarbazole, 87 
Tetraphenylaldine, 298 
Tetraphenylallene sodium, 423 
Tetraphenylallyl, 406 
Tetraphenylbenzodipyrrole, 63 
Tetraphenylbutadiene, 414 
Totraphenylbutane, 410 
Tetraphenyloaoodyl, 444 
Tetraphenylchromium, 453 
Tetraphenylcyclobutanedione, 414 
Tetraphenyldiacetyltetrazane, 441, 442 
Tetraphenyldibenzoyltetrazane, 442 
Tetraphenyldibenzylethane, 410 
Tetraphenyldiethylethane, 410 
Tetraphenyldihydrophenanthrene, 413 
Tetraphenyldihydropyridazme, 96 ,283 
Tetraphenyldihydrotetrazine, 325 
Tetraphenyldimethylethane, 410 
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Tetraphenyldioxane, 414 
Tetraphenylethane, 411 
Tetraphenylfuran, 16 
Tetraphenylhexahydrotetrazino, 325 
Tetraphenylhoxane, 410 
Tetraphenylhydrazine, 433 ff. 
Tetraphenyl lead, 424 
Teiraphenylpyrazine, 298 
Tetraphenylpyridine, 205 
Tetraphonylrubene, 415 
Tetraphenylsuccinodinitrile, 408 
Tetraphenylthiophene, 23, 26 ,33 
Tetraphenylxylylene, 413 
Tetrapyrrylethane, 41 
Tetrathienyllead, 24 
Tetrathienyltin, 24 
Tetratolylhydrazine, 436 
Tetrazabicyclohexone, 156 
Tetrazine, 7, 323, 32^, 406 
Tetraziriedi car boxy lie acid, 324 
Tetrazole, 4, 6, 89, 91, 169, 170, 172, 173, 
174,214, 237 

Tetrazolecar boxy lie acid, 173 
Tetrazoleaulfonic acid, 174 
Tefcrazolethiol, 172, 173 
Tetrazolol, 173, 174 
Tetrazolopyridinecarboxylir acid, 214 
Tetrazoloquinoline, 172 ,237 
Tetronic acid, 22, 216 
Tetrophan, 242 
Thalleioquinic reaction, 351 
Thalline, 244 
Thebaino, 358, 361, 362 
Thebaizone, 363 
Thebaol, 362 
Thebenirie, 362 
Theobromine, 329 
Therm ochromism, 396 
Thiadiazine, 6, 7, 322 
Thiadiazole, 5, 6, 89. 165, 166, 168, 169, 
406 

Thiadiazolecarboxylic acid, 168 
Thiadiazoledicarboxylic acid, 168 
Thiadiazoledisulfonic acid, 168 
Thiadiazoledithiol, 166, 166 ,168 
ThiadiazoUdine, 168 
Thiadiazoline, 166 
Thialdine, 322 

Thianaphtheno, 7, 51, 56, 57, 61 
Thianaphtheneamine, 57, 69 
Thianaphthenecarboxylic acid, 57 
Thianaphthenedicarboxylic acid, 57 
Thianaphtheiioindoloindigo, 70 
Thianaphtherieqmnone, 58, 69, 60, 123 
Thianaphthenequinone anil, 58, 69, 60 
Thianaphthenequinone oxime, 58, 69 
Tliianaphthenequiuone oxime phenylhy- 
drazone, 59 

Thianaphtheixol, 67, 58, 59, 60 
Thianaph then one, 58 
Thianthrene, 270 
Thiapyran, 6, 193 
Thiapyranone, 193 ,194 


Thiapyrone, 193 
Thiatriazabicj^clohexene, 156 
Thiatriausine, 7 
Thiatriazole, 6, 89, 169 
Thiaxanthene, 194 
Thiaxanthone, 194 
Thiaxanthydrol, 194 
Thiazine, 6, 277, 278 
Thiazine dyes, 279 
Thiazole, 4, 5, 89, UO 
Thiazolediazonium hydroxide, 141 
ThiazoJedione, 143 
Thiazoledioneaoetic acid, 143 
Thiazoline, 142 
Thiazolinethiol, 142 
Thiazolol, 142, 143 
Thiazolone, 142, 14 S 
Thiele’s theory, 15 
Tiiiele-Werner theoiy, 389, 409 
ThicJione, 27 

Thienylacrylic acid, 24, 27 
Thienyldiphenjdtuethane, 26 
Thienyl ethyl ketone, 27 
Thienylglyoxylic acid, 27 
Thienyl indole, 66 
Thienylrnagnesium iodide, 24, 27 
Thienylinethanol, 27 
Thienyl methyl ketone, 27 
Thienyl phenyl ketone, 27 
Thienyl propyl ketone, 27 » 

Thionylsulfonyl chloride, 27 
Thienyltriphenylmethane, 26 
Thieiiylurethan, 26 
Thioacridone, 261 
Thioanthranil, 123, 124 
Thiobenzirnidazolone, 136 
Thiobenzoxazolone, 139 
Thiocarbonylthiocai banilide, 14 
Thiochroman, 194 
Thiochromene, 194 
Thioconmazone, 273 
Thiocouinothiazone, 278 
Thiocyaiiuric acid, 318 
Thiodihydroacridine, 261 
Thiodihydrobenzothiazine, 278 
Thiodihydrobenzoxazine, 273 
Thiodihydroquinazolone, 296 
Thiodinaphthylamine, 279 
Thiodiphenylarnine, 278 
Thioflavanone, 194 
Thioflavine T, 144 
Thiofurfural, 16 
Thioimidazolidone, 14 
Thioindigo, 60 
Thioindigo red, 56, 68 , 60 
Thioindigo scarlet R, 58, 73, 77 
Thioindigo white, 60 
Thioindirubin, 58, 69 
Thioindogenidea, 58 
Thioindoxyl, 67, 60 
Thioisatin, 76 
Tliiolulidone, 211 
Thionaphthoylthiyl, 462 
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Thionessal, 23, M 

Thionine, 280^ 282 

Thionine dyes, 279 

Thionodihydrobensoxazine, 273 

Thionol, 282 

Thionoline, 282 

Thiodxadiazolino, 164 

Thiophene, 4 jf., 14, 22, 2S, 24, 27, 28, 89. 

90 

Thiophenecarboxaldehyde, 27 ,67 
Thiophenecarboxylic acid, 24, 26, 26 .27 
Thiophenecarboxylic acid chloride, 27 
Thiophenedicarboxylic acid, 27 
Thiophene green, 27 
Thiophenemercury hydroxyacetate, 24 
Thiophenesulfonic acid, 26 ,27 
Thiophenetetracarboxylic acid, 23, 28 
Thiophcnethiol, 27 
Tliiopheiiine, 26 
Thiopheimric acid, 26 
Thiophonyinaphthylamine, 279 
Thiophthcne, 28 
Thiopyridone, 211 
Thiopyrindigo, 267 
Thiopyriiic, 106, 107, 109 
Thiopyronine, 194 
Thioquinaiithrone, 236 
Thiorosiudone, 313 

Thiotetrahydroquinazoline, 278, 294, 295 
Thiothiadiazoline, 167 
Thiothiazoledione, 143 
Thiotolene, 25 

Thiotolylphenylnitrogen, 443 
Thiourazole, 169, 167 
Thiouretidone, 14 
Thioxanthone, 191 
Thioxeiie, 26 
Thornapple, 340 
Tliymine, 289, 290 
Thyminecarboxaldehyde, 291 
Thymus nucleic acid, 290 
Tin trialkyls, 424 
Tin triaryls, 424 
Tobacco plant, 336 
Tolazone, 287 

Toluoneazoindazole, 113, 116 
Toluphonazine, 306 
Tolupia8el6nole, 169 
Toluquinaldine, 232 
ToluquinoUne, 232 
Toluquinoxaline, 301 
Tolusafranine, 314 
Toluylene red, 303, 309 
Tolyldimethylpyrazolone, 106 
Tolylmethylbenzotriazole, 162 
Tolylmethyldihydrobenzotetrazine, 323 
Tolylpyrazole, 94 
Tolypyrine, 106 
Tolyltetrazole, 172 
Tolyltrimethylenediamine, 94 
Tolylxanthyl, 406 
Triacetio acid, 178 
Triacetonealkamine, 223 


Triaoetoneainine, 223 
Triacetonine, 223 

Triacetyldihydroxynaphthopyrazoledi- 
one, 100 

Triacetylthebainc, 363 
Triaminopyrimidine, 290, 291 
TriaminotWopyrimidine, 290 
Triaminotriazine, 319 
Trianisylboron sodium, 456 
Triarylaminium salts, 431, 432 
Triarylliydrazyls, 433, 439 
Triarylmethyls, 393 

degree of association, 400 
quinoid nature, 400 
stereochemistry of assymetric, 391 
Triazine, 6, 7, SI 7, 319 
Triazinetriol, 319 
Triazinotrione, 319 

Triazole, 4 89, 146, 147, 148, 149, 153, 

165, 157,168,165,214,323,406 
Triazolecarboxylic acid, 149 ,157 
Triazoledicarboxylic acid, 149, 152 
Triazolothiol, 165, 156 
TriazoUdinodioiie, 158 
Triazolol, 150, 158 
Triazolone, 150, 158 
Triazolonecarboxylic acid, 150 
Triazolopyridinecar boxy lie acid, 214 
Triazoloquinoline, 237 
Triazotetrazole, 173 
Triazsulfole, 89, 169 
Tribenzophenazirne, 312 
Tribenzyl boron sodium, 455 
Tribiphenylylmethyl, 388, 389, 396, 402 
Tribromoimidazole, 128 
Tribromomethylquinoline, 232 
Tribromothiophene, 26 
Tricarbazolemethanol, 87 
TrichloromethylpyridineSthanol, 212, 218 
Trichloromethylquinoline, 232 
TricliloromethylquinolineCthanol, 233 
Trichlorophenylmethyl, 402 
Trichloropyridine, 206 
Trichloropyridineacetic acid, 217 
Triohloropyridinemalonic ester, 217 
Trichloropyrimidine, 289, 290, 291 
Trichloropyrrolo, 33 
Trichloroquinoline, 229, 2S5 
Trichlorotriazine, 319 
Tricyclohexylboron, 456 
Tridiohloroethyltriazine, 318 
Triethylsulfonium, 462 
Trifurylirnidazoline, 130 
Trigemin, 108 

Trigonella foenum grctecum, 331 
Trigonelline, 214, 3S1, 337 
Trihydrocyanic acid, 317 
Trihydroxybutylpyridine, 206, 212 
Trihydroxyflavanone, 188 
Trihydroxyflavone, 187 
Trihydroxyflavonol. 188 
Tr^droxyflavylium chloride, 182 
Trihydroxymethoxydavanone, 189 
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Trihydroxymethylisocarbostyril, 253 
Trihydroxypyridine, 179, 211 
Trihydroxythiaxanthone, 194 
Trihydroxytrimethoxyflavyliuni chloride, 
182 

Trihydroxyxanthono, 191 
Triiodoimidazole, 128 
Triketopiperidine, 211 
Trimethoxycoumarin, 183 
Trimethoxydiphenyldiphenylallyl, 406 
Trimethylacetylpyrrole, 33 
Trimethylanhydrobrasilin, 192 
Trimethylbenzimidazolo, 133 
Trimethyl benzimidazolinol, 135 
Trimethylbenzofuran, 52 
Trimethylbenzothiadiazole, 168 
Triinethylbenzothiazolium chloride, 144 
Trim ethy Ibenzotrif ur antri car boxy li c 
acid, 56 

Trimethylbenzoxazine, 272 
Trimethylbenzoxazole, 139 
Trimethylbenzylideneindoline, 71 
Trimethylbrasilon, 192 
Trimethylconiiiiium hydroxide, 333 
Trimethyldihydrodinicotinic acid, 198 
Trimethyldihydropyrimidone, 291 
Trimethyldihydrothiazinethiol, 277 
Trimethylenehydantoin, 49 
Trimethylene oxide, 4,13 
Trimethylenequinoline, 256 
Trimethyleniraine, 6, 13 
Trimethylimidazole, 127 
Trimethylindamine, 436 
Trimetbylindole, 65, 72 
Trimethyl indolenine, 62 
Trimethylindoliriol, 63, 72 
Trimethylindolinone, 64, 72 
Trirnethylindolone, 64, 71, 72 
Trimethylisoxazole, 119 
Trimethylmethyleneindoline, 6S, 64, 71 
Trimethylnicotinic acid, 216 
Trimethylolquinaldine, 232 
Trimethyloxadiazinol, 322 
Trimethyloxindole, 72 
Trimethyloxodihydrofuropyridine, 216 
Trimethylphenyldihydroquinoline, 243 
Trimethylphenylindolinol, 72 
Trimethylpiperazine, 299 
Trimethylpiperidinol, 223 
Trimethylpiperidone, 223 
Trimethylpseudoindole, 63^ 64, 66 
Trimethylpyrazine, 297 
Trimethylpyrazole, 94 
Trimethylpyrazoline, 101, 102 
Trimethylpyrazolone, 106 
Trimethylpyridine, 204 ff. 
Trimethylpyridinedioarboxylic acid, 216 
Trimethylpyridone, 209 
Trimethylpyrrole, 32 
Trimethylpyrrolecarboxaldehyde, 35 
Trimethylpyrrolepropionic acid, 37 
Trimethylpsnrroli^ne, 49 
Trimethylpyrrolidinium ohloride, 48 


Trimethylpyrroline, 47 
Trimethylquinolide, 216 
Trimethylqninoline, 232 
Trimethylquinolinic acid, 216 
Trimethylqiiinolinium iodide, 240 
Trimethylquinoxaline, 301 
Trimethyltetrahydrop jTimidine, 291 
Trimethylthiazole, 140 
Trinaphthylboron sodium, 456 
Trinaphthylmethyl, 402 
Trinitrophenylmethyl, 403 
Trioxane, 270 
Trioxindole, 73 

Trioxotetrahydroisoquinoline, 255 
Trioxymethyleiie, 3, 270 
Triphenazineoxazine, 316 
Triphenodioxazine, 277 
Triphenylbenzylimidazole, 125 
Triphenyl boron, 454 
Triphenylboron cesium, 455 
Triphenylboron sodium, 454 
Triphenylbromopyrazole, 96 
Triphenylchromenyl, 407 
Triphenylchromiurn, 454 
Triphenyldihydroanthracene, 413 
Triphenyldihydropyridazine, 283 
Triphenyldihydroquinoxaline, 300 
Triphenyl endoiminodihy drotri azole, 156 
Triphenylfuran, 16 
Triphenylhydraziue, 440, 443 
Triphenylhydrazyh 439 
Triphenylimidazole, 128 
Triphenylimidazoline, 130 
Triphenylindenyl, 407 
Triphenylisoxazole, 120 
Triphenyl lead, 424 
Triphenylmetharie dyes, 404 
Triphenylmethyl, 388, 393, 394, 398, 401 f 

420, 426, 435, 440, 443, 447, 448, 451, 

453,455 

molecular compounds, 400 
Triphenylmethyl chloride, 399 
Triphenylmethyl perchlorate, 398 
Triphenylmethyl peroxide, 422, 445 
Triphenylmethylpyrazolidine, 110 
Triphenylmethyl sodium, 398 
Triphenyloxazole, 128, 137 
Triphenyloxazolone, 136, 137 
Triphenylphosphoniura betaine, 14 
Triphenylpyranol, 177 
Triphenylpyrazole, 92, 95, 110, 283 
Triphenylpyrazolecarboxylio acid, 99, 101 
Triphenylpyrazoline, 102 
Triphenylpyridazine, 283 
Triphenylpyridine, 205 
Triphenylpyrylium chloride, 176 
Triphenylquinoxalinium ohloride, 300 
Triphenyltetrahydroimidazole, 131 
Triphenyltetrahydropyiazine, 299 
Triphenyl thiazole, 140 
Triphenyltriazine, 128, 318 
Triphenyltriazole, 147, 149, 155 
TriphenyltribromopyrazoUne, 102 
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Triphenyltricyanogen, 128 
Triquinolylmethane, 234 
Trisacctyldimethylpyrrylmethane, 40 
Trisbiphenylylinethyl, 402 
Triscarbethoxydimethylpyrrylmethane, 
40 

Trisdimethylaminotriphonylmethyl, 404 
Trithiano, 270 
Trithioacetyltriaasine, 318 
Trithiomethylene, 270 
Tritolylaminium perchlorate, 431 
Tritolylboron sodium, 466 
Tritolyl lead, 424 
Tritolylmethy], 401 
Tritrichloromethyltriazine, 318 
Trityl. See Triphenylmethyl 
Trityl iodide, 397 
Tritylsodium, 427 
Tri ty Itetram ethyl ammonium, 427 
Trixenylmethyl, 402 
Trixylylboron sodium, 455 
Trixylyl lead, 424 
Tropacocaine, 345 
Tropane, 342, 343, 344, 347 
Tropane alkaloids, 330, S 40 
Tropanolcarboxylic acid, 348 
Tropanone, 343 
Tropeine, 341 
Tropidine, 84^, 343 
Tropigenine, 342 
Tropilene, 343 
Tropilidene, 342, 343 
Tropilidenecarboxylic acid, 346 
Tropine, 60. 223, 225, 340, 341, 343, 343, 
346,346 

Tropine atropate, 341 
Tropinecarboxylic acid, 344, 343 
Tropinic acid, 60, 348, 346 
Tropinone, 223, S 48 , 343, 346, 346 
Tropinonecarboxylic acid, 346 
Tropinonedicarboxylic acid, 343 
Truxillino, 344 
Trypaflavine, 268, £60 
Tryptophan, 7, 67, 242, 266, 377 
Tschitschibabin's transformation, 399, 
426, 435 

U 

Ulexine, 349 
Ultradissociation, 391 
Umbelliferone, 61 
UraoU, 288, 289, £$0 
Uraciloarboxaldehyde, 291 
Uracilcarboxylic acid, 290 
Uramil, 290 
Urazine, 169 
Uraiole, 166, 168 
Ureins, 131 
Uretidone, 14 
Uric acid, 289, 290 
Usninic acid, 192 


Uvinic acid, 20 
Uvitinic acid, 20 
Uvitonic acid, 216 

V 

Valency, divisibility, 388 
tautomerism, 391 
Valerolactam, 6 
Valerolactone, 4, 176 
Veramon, 108 
Veratridine, 383 
Veratrine, 383 
Veratrum species, 383 
Verdoporphyrin, 46 
Vetch, 290 
Vicine, 290 
Vidal Black, 282 
Vinylbenzimidazole, 133 
Vinyldiacetoneamine, 223 
Vinylidoneoxanilide, 131 
Vinylpyridine, 200 
Vinylcjuinoline, 232 
Violones, 177 
Vitamin Bz, 392 
Vitexin, 188 
Vitex Ivttoralia, 188 
Voluntal, 108 
Vomicine. 381 
Vomicinic acid, 381 
Vuzine, 356 

W 

Woad, 78 
Wood, pine, 16 
Wurster’s dye, 422,425 
Wurster’sred, 392 

X 

Xanthene, 189 
Xanthione, 191 ,104 
Xanihobilirubio acid, 39 
Xanthone, 189, 191, 419 
Xanthone anil, 191 
Xanthone oxime, 191 
Xanthone phenylhydrazone, 191 
Xanthopyrrolecarboxylic acid, 38 
Xanthoquinic acid, 243 
Xanthydrol, 189 
Xanthydrol ether, 190 
Xanthylidenexanthene, 191 
Xanthyls, 410 

Xenylenebisdixenylmethyl, 413 
Xylylonepentamethylenediamine, 328 

y 

Yohimbenic acid, 382 
Yohimbe species, 381 
Yohimbic acid, 382 
Yohimbine. 261. 381, 88£ 

Yohimbol, 382 
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